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(57) Abstract 

The invention is directed at an immunity providing B cell activating molecule derived from a meningococcal lipopolysac- 
charide (LPS) having at least one epitope, said molecule comprising at least the communal pan of the oligosaccharide pan (core 
region) of lipopolysaccharides specific for at least two meningococcal immunotypes. preferably immunotypes L2 and L3 and 
wherein galactose is absent in the B cell activating pan, as well as derivatives of the molecule with immune reaction inducing ca- 
pacity. The invention is also directed at an outer membrane vesicle provided with a group of polypeptides having at least the im- 
munoactivity of outer membrane proteins (OMP's) bound to a membrane, a polypeptide from the group of said outer membrane 
vesicles being a membrane anchored OMP or OMP fragment with a mutation in one of the surface loops, preferably in a 2, 3, 5. 
6, 7 or 8-Ioop of a class I OMP. Funhermore, the invention is directed at a vaccine comprising such an outer membrane vesicle 
and/or lipopolysaccharide. as well as at methods for preparing a lipopolysaccharide and an outer membrane vesicle as described 
above. 
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IMMUNOGENIC MENINGOCOCCAL LPS AND OUTER MEMBRANE VESICLES 
AND CACCINE THEREFROM 



The subject invention is directed at an immunity providing B cell 

10 activating molecule derived from a meningococcal lipopolysaccharide 
(LPS), said molecule comprising at least one epitope, said molecule 
comprising at least the common portion of the oligosaccharide portion 
(core region) of lipopolysaccharides which are specific for at least two 
meningococcal immunotypes. The invention is also directed at methods for 

15 the preparation thereof, both synthetically and through recombinant-DNA- 
techniques. Furthermore, the subject invention is directed at an outer 
membrane vesicle provided with a group of polypeptides which possess at 
least the immuno activity of outer membrane proteins (OMP's) bound to a 
membrane. The invention is also directed at a vaccine comprising such a 

20 molecule and/or such an outer membrane vesicle. A method for preparing 
such an outer membrane vesicle also falls within the scope of protection 
of the subject invention. 

. It is known that vaccines of purified capsular polysaccharides 
(CPS) can induce protective immunity. This immunity depends on the age of 

25 the vaccinated person and is only of a short duration. The intrinsic 

disadvantages of capsular polysaccharides as vaccines are circumvented by 
the classic approach of coupling capsular polysaccharides or 
oligosaccharides to be derived therefrom with proteins (Goebel, W.F. . and 
O.T. Avery 1929 J. Exp. Med. 50:533"550 and Cruse. J.M. and R.E. Lewis 

30 (Ed.) 1989 Contrib. Microbiol. Immunol. Basel. Krager, 10:1-196).. The 

coupling of polysaccharides to proteins results in changing the character 
of this type of antigen from thymus independent to thymus dependent. Such 
poly or oligosaccharide protein conjugates are in general very 
immunogenic in young children and can induce memory. 

35 a number of examples of known saccharide peptide conjugates follow: 

Conjugates of capsular polysaccharides (CPS) of H. influenza b with 
tetanus toxoid (TT) are known from the Dutch Patent Application 8602325. 

Conjugates of capsular polysaccharides of meningococcal group A and 
C with tetanus toxoid were prepared, said conjugates appear to be very 
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immunogenic in mice and rabbits ([Beuvery. E.C.. A. Kaaden. V. Kanhai and 
A.B. Leussink. 1983. Physicochemical and immunological characterization 
of meningococcal group A and C polysaccharide- tetanus toxoid conjugates 
prepared by two methods. Vaccine 1:31-36]. [Beuvery. E.C.. F. Miedema. R. 
5 van Delft and K. Haverkamp. 1983- Preparation and immunochemical 

characterization of meningococcal group C polysaccharide tetanus toxoid 
conjugates as a new generation of vaccines. Infect. Immun. 40:39~ 1 *53 and 
[Jennings. H.J. and H.C. Lugowski. 1981 . Immunochemistry of groups A. B 
and C meningococcal polysaccharide-tetanus toxoid conjugates. J. Immunol. 

10 127:1011-1018]). 

Group B Meningococcus a bacteria group causing more than 50* of the 
cases of meningococcal disease in many countries is a group of bacteria 
whose capsular polysaccharides do not induce immune reaction or induce 
little immune reaction. (Poolman et al.. The Lancet. September 1986. 

15 pages 555-558) . 

Therefore, a search has been carried out for the group B 
Meningococcus for the saccharide peptide conjugates that could be useful 
in a vaccine as capsular polysaccharides of this group do not give any 
immune reaction against gramnegative bacteria in test animals and human 

20 volunteers. Therefore, saccharide peptide conjugates were made with 

modified capsular polysaccharide and carrier proteins ([Jennings. H.J.. 
R. Roy. and A. Gamian. 1986. Induction of meningococcal group B 
polysaccharide-specific IgG antibodies in mice using an N-proprionylated 
B polysaccharide tetanus toxoid conjugate vaccine. J. Immunol. 137:1708- 

25 1713] and [Jennings. H.J. 1989- The capsular polysaccharide of group B 
Neisseria mpnineitidis as a vehicle for vaccine development. In Cruse. 
J.M.. and R.E. Lewis, Conjugate Vaccines. Contrib. Microbiol. Immunol. 

Basel. Krager. 10:151-165])- 

As it is suspected that anti group B antibodies (in particular IgG) 

30 demonstrate in vivo cross reaction with host antigens and as the use of a 
saccharide peptide conjugate comprising modified capsular polysaccharide 
of group B Meningococcus could therefore lead to causing auto immune 
disease most research is directed at a vaccine against group B 
Meningococcus is directed at the potential use of sub capsular components 

35 such as outer membrane proteins (0MP) and lipopolysaccharides (LPS). 

So Jennings et al. describe conjugates of tetanus toxoid (TT) with 
dephosphorylated oligosaccharides (OS*) derived from meningococcal LPS. 
The immunogenicity of these 0S*-TT conjugates was examined in rabbits 
(Infect. Immun. 143:^07-412). Herein phosphoethanolamine was removed from 
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the meningococcal oligosaccharides (OS) by treatment with hydrogen 
fluoride. The dephosphorylated oligosaccharides were subsequently coupled 
to tetanus toxoid. The thus obtained immunotype L 3 OS protein conjugate 
was only slightly immunogenic in rabbits which can probably be explained 
5 as a result of removal of the PEA group s. 

In Infection and Immunity. March 1991, pages 8^3-851 Verheul et al. 
describe the preparation of meningococcal OS-protein conjugates with 
tetanus toxoid, wherein the phosphoethanolamine groups of the 
oligosaccharides have been maintained. 

10 Oligosaccharide peptide conjugates, wherein saccharide portion and 

peptide portion originate from different organisms (mostly a tetanus or 
diptheria peptide) have the disdadvantage that oversensitivi ty or 
tolerance for said peptide portion (tetanus or diptheria carrier) can 
occur and can therefore lead to reduced response to the B cell activating 

15 part. Therefore, saccharide peptide conjugates provided with homologic 
carrier peptide have been searched for. Such a saccharide peptide 
conjugate will not only activate B cell memory but also reactivate T cell 
memory upon contact with the micro-organism in question. 

Saccharide peptide conjugates are known comprising a homologous 

20 carrier peptide. Paton et al. describe conjugation of pneumolysine toxoid 
to type 19F capsular polysaccharide of Streptococcus pneumoniae 
(Infection and Immunity, July 1991 . pages 2297-2304). 

Saccharide peptide conjugates are also known comprising a 
homologous carrier peptide comprising a saccharide part derived from a 

25 lipopolysaccharide (LPS) of gram negative bacteria as immunity 

providing B cell activating part. Such a saccharide peptide conjugate 
offers as advantage the possibility to make a vaccine providing immunity 
against gramnegative bacteria, whose capsular polysaccharides provide no 
or insufficient immune reaction. A saccharide peptide conjugate 

30 comprising lipopolysaccharide as immunity providing B cell activating 

part also, however, has disadvantages. Lipopolysaccharide contains toxic 
parts and a saccharide peptide conjugate comprising a lipopolysaccharide 
with toxic parts will also be toxic. 

In Contrib. Microbiol. Immunol. Basel, Karger, 1989. vol. 10, pages 

35 166-189 Cryz. J.C. et al . describe vaccines against Pseudomonas 
aeruginosa comprising a saccharide peptide conjugate comprising 
detoxified lipopolysaccharide of Pseudomonas aeruginosa immunotype 5 
which lipopolysaccharide is coupled to various carrier proteins. The 
carrier proteins can be both homologous and non-homologous. The carrier 
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proteins mentioned in this article are tetanus toxoid, toxin A and pili 
of Pseudoroon f^ npruginosa. 

The LPS of PpfMidnmonns aeruginosa is made harmless according to 
this article by removing ester bound fatty acids of Lipid A, so that the 

5 serologically active 0 polysaccharide portion can be incorporated in a 
saccharide peptide conjugate. Such detoxified LPS (D-LPS) was converted 
to an active ester by coupling to N-hydroxysuccinimide and subsequently 
the active ester was coupled to a protein which had been provided with a 
spacer ( 1 ,4-diaminobutane) in order to simplify the coupling. The D-LPS- 

10 TA-conjugate was not immunogenic however the D-LPS-pili-conjugate and the 
D-LPS-TT-con jugate were. 

In an article by Boons et al. (Bioorganic and Medicinal Chemistry 
Letters, Vol. 1. No. 6. pages 303-308, 1991 ) it is described that a 
saccharide peptide conjugate (SPC) with two essential immunological 

15 domains (i.e. the B and T epitopes responsible for antibody specificity 
and T helper activity) which are covalently bound by means of an 
artificial spacer has been made as part of vaccine development with a 
broad action against N. meningitidis . In this known conjugate the B 
epitope function is provided by a fragment of the IC region of the LPS- 

20 immunotype 6 (IC=inner core). A T cell epitope comprising peptide is 

selected for inducing homologous T helper cell response (memory). The T 
cell epitope comprising peptide part of the known homologous SPC is the 
47-59 part of a meningococcal 0MP described by Wiertz E.J. H.J. et al (in 
Proceedings of the Eleventh American Peptide symposium, ed. River, 

25 J. E. ; Marshall, G.R. ; ESCOM, Leiden, 1990). Disadvantages of this known 
SPC are the necessary complicated and costly chemical synthesis on the 
one hand hindering production on a large scale for economic reasons and 
on the other hand the fact that only a part of the immuno action of OMP 
is used because only a small fragment of OMP comprising a T cell 

30 activating part is used, in respect of both B and T cell activating 
parts . 

Until now it appeared impossible to couple a saccharide part to a 
complete OMP or a large OMP fragment comprising more than one epitope 
without changing the structure or composition which would lower the 
35 immuno activity of the OMP. 

Furthermore, it is known that microorganisms producing OMP's 
incorporate these in their membrane in a certain configuration wherein 
portions of the OMP are anchored in the membrane and portions protrude in 
the shape of loops. The specific configuration is required for the immuno 
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activity of the T cell and B cell activating parts present in the OMP. In 
NIPH ANNALS, Volume 14. number 2, December 1991 it is described by 
Frederiksen J.H. et al on pages 67-79 * n particular on 69-71, that 
microorganisms can be treated in such a manner that they "bleb", i.e. 
5 form outer membrane vesicles (OMV's). Such outer membrane vesicles are 
provided with a very large number of OMP's on their surface jaad offer the 
possibility to be used as potent vaccine component as a large amount of 
OMP's are present in the conformation required for immuno activity. 
However, a number of the disadvantages of other vaccines comprising 

10 solely OMP as immuno activity activating component, are also valid for 

such a vaccine component. Known OMV vaccines appear to be able to provide 
intermediate protection in humans i.e. 50-80% protection. 

The subject invention attempts to solve the problems that exist for 
the various known vaccine components. Firstly, the search has been 

15 directed at finding a B cell activating molecule that is small and simple 
to obtain, is not toxic and can also induce immunity against more than 
one LPS immuno type. The subject invention is also directed at an 
immunity providing B cell activating molecule derived from a 
meningococcal lipopolysaccharide (LPS), said molecule comprising at least 

20 one epitope, said molecule comprising at least the common part of the 
oligosaccharide part (core region) of lipopolysaccharides which are 
specific for at least two meningococcal immunotypes, preferably 
immunotypes L2 and L3 and wherein galactose is absent in the B cell 
activating part, as well as at derivatives of the molecule with immune 

25 reaction inducing capacity. 

A suitable example of such a molecule is a molecule derived from 
the L2 core of a meningococcal LPS and having the following structure: 

&-D-Glcp[ 1-4 ) -L-o-D-Hepp- ( 1-5) -KD0 

? ■ 

1 

L-o-D-Hepp3 < - PEA 
2 
1 
1 

a-D-GcNAc 

35 



Antibodies can be induced against such a structure which are 
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specifically bactericidal for immunotypes L2 and L3. the most prevelent 
immuno types. Another suitable example of such a molecule is a molecule 
derived from the L3 core and having the following structure: 



5 B-D-Clcp ( 1-1 ) -L-a-D-Hepp- ( 1-5 ) -KDO 

3 
i 
l 

a -D-Glcp(l-3)-L-a-I>-Hepp6/7 < - PEA 

2 
I 

10 1 

a-D-GcNAc 



15 This structure is also useful for inducing immune reaction against 

both immunotypes L2 and L3- Surprisingly, it has been found that an 
antibody which was known to exhibit cross reactivity for various 
meningococcal immunotypes. but about which it was unknown what structure 
it recognized can bind the two molecular structures as indicated above. 
20 The two molecular structures as indicated above differ from the epitopes 
postulated until now for L2 and L3 through the absence of galactose. The 
epitopes postulated to date are not completely necessary for inducing 
bactericidal antibodies with cross reactivity for various meningococcal 
immunotypes. The antibody used to illustrate this is mN8D6A and is 
25 described in Infection and Immunity. October 1988, pages 2631-2638 (by 

Kim. J.J.. Mandrell. R.E. , Zhen. H.. Westerink, M.A.J. . Poolman. J.T. and 
Griffiss, J.M.). In this article it is indicated that the antibody could 
bind to LPS of 28 group A N.meningidi tis strains in dot blots and to 
multiple LOS components of various molecular weights obtained from the 28 
30 strains in immunoblots. 

Molecules according to the invention can form a part of saccharide 
peptide conjugates in the usual manner, wherein for example they are 
coupled to tetanus toxoid or to another known suitable carrier in vaccine 
technology. Advantageously a saccharide peptide conjugate comprising a 
35 molecule according to the invention also comprises a peptide part with at 
least one T helper cell activating epitope, which peptide part preferably 
comprises at least one homologous protein or a peptide fragment derived 
from a homologous protein, wherein homologous means that both B cell and 
T helper cell activating epitopes are derived from the same micro- 
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organisme. An outer membrane vesicle to which a saccharide peptide 
conjugate comprising a molecule according to the invention has been added 
or has been incorporated as B cell activating part is a suitable 
embodiment, said embodiment can be used advantageously in a vaccine. 
5 Preferably, an outer membrane vesicle to which a molecule or a saccharide 
peptide conjugate comprising such a molecule has been added, or in which 
such a molecule has been incorporated comprises class I OMP or class I 
OMP fragments as T helper cell activating part. 

The subject invention is also directed at methods for preparing 

10 such lipopolysaccharide-derivatives according to the invention. Herefore. 
it is possible to apply mutagenesis, recombinant DNA techniques, 
enzymatic splitting or chemical synthesis. The method via recombinant DNA 
techniques comprises obtaining the molecule from a mutated or selected 
production strain producing at least LPS without galactose. For this a 

15 mutated meningococcal strain that does not produce galactose can be 

advantageously applied. In particular, a production strain can be applied 
that produces no or no functional galE anzym. In Proc. Natl. Acad. Sci. 
USA 86 (1989) pages 1669-1673 Frosch, M. . Weisgerber, C. and Meyer, T.F. 
determined for N . meningitidis which part of the N .meningitidis genome 

20 comprises the genes for CPS production. This part was cloned on plasmid 
pMF32.35 and we found that this plasmid also comprises sequences encoding 
LPS biosynthesis. A meningococcal strain in which this plasmide has been 
integrated was deposited on July 29, 1993 at CBS Baarn, the Netherlands, 
under number CBS 401.93- For an expert it is without a doubt via usual 

25 DNA techniques possible to apply one or more mutations or deletions in 
this part of meningococcal DNA to prevent galactose production. 
Specifically it is possible to apply one or more mutations or deletions 
in the cps locus that is present on this plasmid thereby preventing 
expression of any or any functional GalE. With probes comprising a part 

30 of the sequence encoding a part of the enzym GalE the location of the 
GalE gene can be determined simply and subsequently mutagenesis or 
deletion can be carried out in order to obtain a sequence expressing no 
or no functional GalE. The expression product of such a mutated cps locus 
will produce lipopolysaccharide without galactose. In the usual manner an 

35 expression vector can subsequently be made comprising such a mutated cps 
cassette or the relevant portion thereof. Now making a production strain 
with the aid of the mutated nucleotide sequence or the expression vector 
comprising such a sequence lies within the reach of an expert using 
typical protocols within the recombinant DNA technology. Advantageously a 
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stated meningococcal production strain in which a deletion in the wild 
type cps cassette has been made and which has been exchanged with a 
mutated cps cassette can be made in a simple manner. 

Furthermore, the invention is directed at a solution to the problem 
5 of coupling OMP with a second component with immuno activity without 

damaging the immuno activity of the OMP. so that a vaccine component can 
be obtained comprising more than one T helper cell activating part. The 
subject invention is therefore directed at an outer membrane vesicle 
provided with polypeptides having at least the immuno activity of outer 
10 membrane proteins (OMP's) bound to a membrane, said outer membrane 

vesicle being characterized by the fact that the polypeptides are OMP's 
or OMP fragments anchored in the membrane with a mutation in one of the 
surface loops of the OMP from which the polypeptide has been derived. The 
invention is preferably directed at such an outer membrane vesicle, 
15 wherein the polypeptides are OMP's or OMP fragments anchored in the 

membrane with a mutation in one of the surface loops of the class 1 OMP 
from which the polypeptide has been derived. In particular, the invention 
is directed at such an outer membrane vesicle wherein the polypeptide 
comprises at least one mutation in one of the loops 2. 3. 5. 6. 7 or 8. 
20 It has been found that applying mutations in these loops does not 

reduce the immuno activity of membrane bound cless-l-OMP. Thereby the 
possibility to provide mutations at these locations enabling specific 
coupling of the OMP to another desired component, preferably a component 
with additional immuno activity at the position of the mutation is 
25 offered. An outer membrane vesicle according to the invention can be 
regarded as an outer membrane vesicle which has been activated for 
coupling. 

The mutation is preferably located in one of the loops 6 or 7- 
These loops are located in the tertiary structure of the OMP at the most 

30 suitable positions with regard to loops 1 and 4 . said loops comprising a 
number of important OMP epitopes. 

The mutation can consist of at least the presence of an additional 
amino acid with a reactive side chain in one of the loops 2. 3. 5. 6. 7 
or 8. This can be an insertion, deletion or substitution in one of the 

35 loops. A substitution is preferred as the natural situation is than most 
closely imitated. The form the mutation takes is not critical, however 
the location is. 

As no cysteine is present in natural OMP and the sulfhydryl group 
is a good reactive group, this amino acid is preferably incorporated. 
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Other amino acids such as lysine are possible, however the presence of 
such amino acids in the native OMP offers a number of reaction positions 
in the OMP for coupling and therefore the resulting SPV s will have to be 
screened in order to determine which have undergone the conjugation at 
5 the desired location. Incorporating protective groups will in most cases 
lead to complicated chemical reactions with a large risk of denaturation 
of the polypeptide. 

As indicated the polypeptide can comprise complete OMP but also an 
OMP fragment. The OMP fragment should possess sufficient length and a 

10 structure such that it can be anchored in the membrane of a micro 

organism and possesses at least immuno activating activity , preferably as 
much as or more than the corresponding native OMP from which it has been 
derived. An OMV according to the invention which is preferred comprises a 
molecule according to the invention and/or a saccharide peptide conjugate 

15 comprising a molecule according to the invention. 

An application of an OMV according to the invention is in 
production of a vaccine component that also comprises a conjugated 
saccharide part. The product of coupling a saccharide part to a 
polypeptide part of the outer membrane vesicle activated for coupling, an 

20 outer membrane vesicle (OMV) comprising a saccharide peptide conjugate 
(SPC), a so called saccharide peptide vesicle (SPV) will exhibit a 
broader immuno activity than the existing outer membrane vesicles 
comprising OMP. The SPV will therefore possess a larger and broader 
immuno activity than the known SPC's. A further advantage is that the 

25 natural mechanism by which a micro organism anchors OMP's in the membrane 
can in an economical and simple fashion be used to produce a vaccine 
component with broader and stronger immuno activity. The subject 
invention is directed at an SPV such as has been described. 

The coupling of a peptide part of an activated outer membrane 

30 vesicle to a saccharide part, said saccharide part comprising at least an 
immunity providing B cell activating part with at least one epitope 
derived from a lipopolysaccharide (LPS) of a gramnegative bacteria and an 
outer membrane vesicle comprising a fragment of a B cell activating part 
with at least one epitope isolated from a gramnegative bacteria is 

35 preferred. The invention also comprises a SPV provided with polypeptides 
having at least the immuno activity of OMP, said polypeptides forming a 
part of saccharide peptide conjugates, wherein the saccharide part and 
the peptide part of such a conjugate are coupled at the location of the 
mutation in one of the loops 2, 3. ^. 5. 6* 7 or 8 of the polypeptide. 
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A SPV comprising the LPS "core region" or a fragment derived 
therefrom as B cell activating part of the saccharide part will be safer 
as component of a vaccine than a SPV comprising a saccharide peptide 
conjugate comprising native LPS due to the absence of the toxic parts. 
5 Moreover, such a "core" containing saccharide peptide conjugate has the 
advantage that it can contain a larger number of different LPS "core" B 
cell activating parts than a SPC with native LPS that becomes toxic, when 
too much of the toxic component lipid A is incorporated. 

Meningococcal lipopolysaccharide is toxic and comprises three 
10 parts. In figure 1 a meningococcal LPS is illustrated. The lipid A part 
is toxic and the lacto-N-neotetraose unit can perhaps lead to induction 
of auto antibodies. The oligosaccharide part of meningococcal LPS. the so 
called "core region" is not toxic. The so called "inner core region" is 
the part of the "core region" of the oligosaccharide part of 
15 meningococcal LPS in which the lacto-N-neotetraose unit is absent. A 
saccharide peptide conjugate comprising a B cell activating part, 
comprising the "core" oligosaccharide of Meningococcus or a fragment 
derived therefrom is a suitable example of a SPC that can be a part of a 
SPV according to the invention. 
20 Indeed, a saccharide peptide conjugate comprising a saccharide part 

derived from Meningococcus lacking toxic lipid A and also lacking the 
complete lacto-N-neotetraose unit has been described by Boons et al, 
however, in this known vaccine component the saccharide part is coupled 
to a fragment derived from 0MP comprising only one T cell epitope and the 
25 SPC does not form a part of an outer membrane vesicle. 

For a SPV according to the invention native LPS to be applied can 
be isolated and subsequently lipid A and a part of the tetraose unit can 
be removed. Meningococcal lipopolysaccharide (LPS) can for example be 
isolated by the extraction method with hot water and phenol of Westphal 
30 (Westphal, 0. and Jann. J.K., 1965. Methods Carbohydr. Chem. 5- 83-9D- 
In short LPS is hydrolysed in 1% acetic acid until flocculation occurs. 
Lipid A is removed by centrifugation and the oligosaccharides are 
purified over a Biogel column. Subsequently, the major oligosaccharide 
can be coupled to the peptide part. 
35 "Core" oligosaccharide or an operative derivative thereof obtained 

by such a method can be incorporated in a saccharide peptide vesicle 
according to the invention. 

As obtaining a B cell activating part derived from native LPS is a 
tedious process and as complete purification of the "core" 
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oligosaccharide is also problematic the B cell activating part of the 
saccharide part of a saccharide peptide vesicle according to the 
invention can be synthesized. A saccharide peptide vesicle according to 
the invention can therefore comprise a synthetic B cell activating part 
5 in the saccharide part. 

It is also possible to obtain a non toxic B cell activating part of 
the SPV derived from an LPS via a biochemical route, such as mutagenesis 
or enzymatic splitting. This route is possible if via molecular 
biological methods a production strain is made that is capable of 

10 producing an altered lipid A and/or lacto-N-neotetraose . In any case, the 
terminal galactose of the lacto-N-tetraose will have to be removed and a 
mutant production strain that does not produce galactose for 
incorporation in LPS can be made in a simple manner, as has been 
indicated for the preparation of a molecule according to the invention 

15 above. In particular the subject invention is also directed at an SPV in 
the various embodiments that have already been extolled, wherein the 
saccharide part comprises an immunity providing B cell activating 
molecule with at least one epitope derived from a meningococcal 
lipopolysaccharide (LPS) said molecule comprising at least the communal 

20 part of the oligosaccharide part (core region) of lipopolysaccharides 

which are specific for at least two meningococcal immunotypes preferably 
immunotypes L2 and L3 and wherein galactose is absent from the B cell 
activating part, as well as derivatives of the molecule having immune 
reaction inducing capacity. 

2p The saccharide peptide vesicles according to the invention can be 

conjugated by a spacer. This provides the advantage that no 
intramolecular reactions occur between the reactive groups of the 
saccharide part and the peptide part. Such reactions can namely lead to 
an altered tertiary structure of the saccharide part and/or peptide part 

30 resulting in deterioration of immuno activity. 

A number of LPS immunotype specific epitopes owe their activity to 
the presence of at least one phosphoethanolamine (PEA) group. Therefore, 
a saccharide peptide vesicle according to the invention is preferred 
wherein PEA group s of the B cell activating part of the saccharide part 

35 comprise free amino groups. An example of such a saccharide peptide 

vesicle according to the invention comprising an immuno specific B cell 
activating part in the saccharide part, is a saccharide peptide vesicle 
comprising LPS of meningococcus with immunotype L3 in the saccharide 
part. Such a saccharide peptide vesicle comprising an immuno specific 
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epitope of immunotype L 3 will preferably comprise a B cell activating 
part with PEA group s having free amino groups. 

Saccharide peptide vesicles according to the invention 
advantageously comprise a saccharide part comprising a B cell activating 
5 part that can give cross reaction with more than one immunotype. A 
vaccine comprising such a saccharide peptide vesicle according to the 
invention wil provide protection against more than one immunotype. 

At the moment twelve different lipopolysaccharides are known for 
meningococcal strains (which corresponds to 12 immunotypes) . The 
10 differences in the meningococcal LPS immunotypes have been localized in 
the oligosaccharide part of the LPS ("core region"). Recently the 
complete primary structures of the oligosacchrides for immunotypes L, , L 2. 
L 3 ," L 3 and L 6 were postulated; these are illustrated in fig. 2 (Difabio 
J.L. et al. 1990, Structure of the LI and L6 core oligosaccharide of 
15 NPifisPria meningitidis . Can. J. Chem. 86:1029-103^; Jennings, H.J. et al. 
1987, Structure and Immunochemistry of meningococcal lipopolysaccharides. 
Anthonie van Leeuwenhoek 53:519-522; Michon, F. et al, 1990, Structure of 
the L5 lipopolysaccharide core oligosaccharide of Neifiserip meningitidis . 
J. Biol. Chem. 256:72^3-72^7; Verheul, A.F.M. et al Infection and 
20 Immunity (1991). 51: p 3566-3573)- The structures of the largest L, , L 2 . 
L 3 molecules have been indicated in figure 3- 

A saccharide peptide vesicle according to the invention comprising 
one or more oligosaccharides with the structures illustrated in figure 2 
is useful as component of a vaccine directed against at least one 
25 meningococcal immunotype. A saccharide peptide vesicle according to the 
invention comprising at least the B cell activating part of at least one 
of the oligosaccharides of fig. 2 in said saccharide part can therefore 
advantageously be used as component of a vaccine directed against at 
least one meningococcal immunotype. 
30 The oligosaccharides of the immunotypes differ with regard to 

monosaccharide composition, amount and location of phosphoethanolamine 
(PEA) groups and the degree of acetylation of the a(l-2) bound GlcNAc- 
unit or other units. For most immunotypes the basic structure of the 
oligosaccharide "core" is the same (figure 1 and figure 2). 
35 As the "core" oligosaccharides of meningococcal LPS exhibit 

conformity for various immunotypes the "core" comprises more than one 
immunotype specific epitope. A SPV according to the invention that 
comprises such a "core" as B cell activating part of the saccharide part 
will be preferred. Such a SPV according to the invention can have a 
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simultaneous B cell activating effect on a number of different 
immunotypes. A saccharide peptide vesicle according to the invention that 
can have a simultaneous B cell activating effect for a number of 
immunotypes can also comprise a derived fragment comprising more than one 
5 immunotype specific epitope. 

It is also possible to incorporate only a relevant portion of the 
"core" oligosaccharide as fragment in a SPV according to the invention, 
providing specific immunity for a specific immunotype. It is also 
possible to incorporate more than one B cell activating part in the 
saccharide part of a SPV according to the invention so that such a SPV 
comprises various specific immunity providing parts and can therefore 
provide immunity for various specific immunotypes. 

B cell activating parts of the saccharide part with specific 
immunity providing action against various immunotypes or B cell 
activating parts of the saccharide part having cross reactive immunity 
providing action can advantageously be incorporated in the saccharide 
part oT a saccharide peptide vesicle according to the invention. It has 
become possible to synthesize well defined oligosaccharides with 
increasing complexity and molecular weight, so that oligosaccharides 
comprising one or more B cell activating structures can be synthesized. 

It is known about Meningococcus that immunotypes L3 and L2 cause 
approx. 10% and 30* respectively of group B meningococcal meningitis. 
Therefore, saccharide peptide vesicles according to the invention 
comprising at least B cell activating parts of L3 and/or L2 immunotypes 
25 in the saccharide part of the saccharide peptide vesicle are preferred. 

A saccharide peptide vesicle according to the invention comprising 
at least a B cell activating part oT the saccharide part that is a 
derivative of 



C-D-GlNAcp (l-3)-B-D-aalp(l-U)-p-D-aicp - L-a-D-Hepp - M-5) 

30 3 

I 
1 

L-a-D-Hepp3 < - PEA 
2 
I 

or 1 
35 a-D-GcNAc 

B-D-GlNAcp(l-3)-B-D-GalpU^^ 

3 
1 
1 

a-D-01cp(l-3)-L-a-D-Hepp6/7 < - pea 

2 
I 
1 

o-D-GcNAc 
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A saccharide peptide vesicle that is preferred is a SPV comprising 
n B cell activating part in the saccharide part exhibiting at least cross 
reaction with two immunotypes of gram negative bacteria. An example of 
such a saccharide peptide vesicle exhibits at least cross reaction with 
5 meningococcal immunotypes L2 and L3- Such a saccharide peptide vesicle 
therefore comprises a molecule with structure 

p-D-01cp{ 1-4 ) -L-o-D-Hepp- ( 1-5) -KDO 

3 
1 
1 

L-a-D-Hepp3 < - PEA 
2 
1 
1 

a-D-GcNAc 

and/or 

p-D-Clcp(l- | l)-L-a-D-Hepp-{l-5)-KD0 

1 
1 

a-D-Glcp(l-3)-L-a-I>-Hepp6/7 < " PE * 

2 
1 
1 

a-D-GcNAc 

A saccharide peptide vesicle that is also preferred is a SPV 
comprising a B cell activating part in the saccharide part exhibiting at 
least cross reaction with meningococcus immunotypes LI and L3- 

25 A saccharide peptide vesicle which exhibits cross reaction with at 

least immunotypes L, , L 2 and L 3 comprises at least the branched 
oligosaccharide g-D-Glcp( 1-4 ) -[L-a-D-Hepp ( 1-3) ]-L-a-D-Hepp) as B cell 
activating part in the saccharide part. A suitable example of such b 
saccharide peptide vesicle according to the invention also comprises a 

30 PEA group on the 0-3 of the heptosylunit of the branched oligosaccharide 
B-D-Glcp(l-4)-[L-a-D-Hepp(l-3)]- L - a - D - H epP) . 

A saccharide peptide vesicle according to the invention exhibiting 
cross reaction with more immunotypes than Lj , L ? and L 3 comprises at least 
the branched oligosaccharide B-D-Glcp( 1-4 ) -[L-a-D-Hepp( 1-3) ]-L-a-Hepp) 

35 provided with a spacer giving a link with at least one other imraunotype 
specific B cell activating part with at least one epitope as B cell 
activating part in the saccharide part. 

A SPV according to the invention can comprise a saccharide part 
that is synthesized and/or modified with regard to a natural B cell 
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activating part as B cell activating part for a certain immunotype. Such 
a synthesized and/or modified B cell activating part will preferably 
exhibit cross reaction with various immunotypes and/or give an improved 
immune reaction with regard to the corresponding part of the natural LPS. 
5 In any case the terminal galactose (fig. 2) should be removed, either via 
enzymatic route, or via genetic manipulation, through mutation. As has 
been indicated above the complete absence of galactose in such structures 
is a possible embodiment, which is obtainable by a person skilled in the 
art through recombinant DNA technology. 
10 Such a synthesized and/or modified B cell activating part can arise 

through selective addition and/or deletion of certain groups and/or sugar 
units . 

A saccharide peptide vesicle according to the invention will 
preferably comprise an outer membrane proteine (OMP) or a fragment 
15 derived from an OMP as peptide part. Preferably a SPV according to the 
invention will comprise an OMP of Meningococcus class 1 as this OMP can 
induce protective antibodies, does not possess a tendency to block 
antibodies against other proteins and does not exhibit too great an 
antigenic variation. Many recognition sites for human T cells have been 
20 researched on the class I outer membrane protein of Meningococcus H44/76, 
making it a suitable starting strain for OMP to be used. 

The subject patent application is also directed at a method for 
preparing an outer membrane vesicle according to the invention. This 
method comprises the following steps 
25 1 ) a nucleotide sequence encoding the polypeptide is expressed in a 
bacteria; 

2) the bacteria is cultivated under known circumstances for producing 
outer membrane vesicles as is described in NIPH ANNALS, Volume 1^, 
number 2, December 1991 by Fredriksen J.H. et al on p 67~79. i n 

30 particular on page 69~71 and the thus created membrane pieces with 

polypeptide can optionally be isolated. 
For preparing a SPV according to the invention subsequently 

3) the membrane pieces formed in step 2 can be provided with 
saccharide peptide conjugates by coupling the polypeptide to the 

35 desired saccharide part. 

For preparing an 0MV or a SPV according to the invention the 
required nucleotide sequence for step 1) to be used can be a recombinant 
nucleotide sequence encoding a class 1 OMP or a fragment thereof with at 
least the immuno activity of class 1 OMP, in which in comparison to the 
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corresponding natural sequence a mutation has been created in one of the 
surface loops. A mutation in one of the loops 2, 3, ^, 5, 6, 7 or 8 in 
particular in loops 6 and 7 is preferred. The mutation results in a codon 
for at least one amino acid having a specific reactive side chain in one 
5 of the surface loops. In particular the mutation results in a codon for 
cysteine. A saccharide part obtained by recombinant DNA technology or via 
a synthetic route can be used in the method for preparing a SPV according 
to the invention. In particular a molecule according to the invention 
which is obtainable as has been described herein elsewhere can be used as 
10 saccharide part. 

For coupling a saccharide part to an OMV according the invention in 
particular to an OMV-SH provided with a cysteine group the following 
reaction schedule can be followed: 

core-KDO-COOH ♦ H 2 N-X-Br core-KDO-CO-NH-X-Br 
^ (EDC= l-ethyl-3-diroethylaminopropylcarbodiimide) 

core-KDO-CO-NH-X-Br ♦ OMV-SH > core-KDO-CO-NH-X-S-OMV. 

More specifically the reaction can be executed as follows: 
BrCH 2 -C0-NH-(CH 2 )/,-NH 2 (substance 1, excess) ♦ 0S-KD0 + EDC ♦ sulfo-NHS- 

20 - p " 8 OS- - -C0-CH 2 Br (substance 2). Substance 2 is subjected to gel 
filtration and subsequently 

substance 2 + OMV-SH -conjugate. 

Another possibility for executing the coupling is with BrCH 2 -C0-NH- 
(CH 2 )^NH-C0-CH 2 Br (substance 3. excess) + OS-SH (as described on pages 3*4 

25 and 35 of Andre Verheul's thesis, Meningococcal LPS derived 

oligosaccharide protein conjugate vaccines October 29. 1991. Utrecht). 
This results in OS- - -C0-CH 2 Br (substance 2*). This is subjected to 
gelfiltration or optionally to a simple ET 20 -rinse. Substance 2* can 
subsequently be converted to the conjugate with OMV-SH. As substance 3 is 

30 lipophilic the modification of OS-SH occurs in a mixture of an aqueous 
buffer and an organic solvent, such as dioxane. For this reason the 
reaction of OMV-SH with substance 3 followed after purification by 
incubation with OS-SH is less attractive. 

For specific coupling of carbohydrates the presence of suitable 

35 groups such as an amino (-NH 2 ), carboxylic acid (-C00H), thiol (-SH) or 
an aldehyde (CH0) is necessary within the carbohydrate antigen (Dick, 
W.E. et al . , 1989, Glycoconjugates of bacterial carbohydrate antigens. In 
Cruse J.M. and R.E. Lewis. Conjugate vaccines. Contrib. Microbiol. 
Immunol., Basel, Krager, 10:^8-11^). These groups can be present in the 
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antigen but must often be incorporated via chemical or enzymatic methods. 
It is preferred to use a coupling method resulting in as small a 
modification of the carbohydrate and protein antigen as possible. The use 
of a specific spacer to be incorporated is conducive for this. It is 
5 preferred to destroy the epitope or epitopes present or to generate 
undesired immuno dominant neo antigens as little as possible. The 
influence of the coupling method on the immunologic characteristics of an 
oligosacchoride-peptide vesicle is large if small oligosaccharides are 
used (Hoppner, W. , et al. t 1985. Study on the carbohydrate specificity of 
10 antibodies formed in rabbits to synthetic glycoprotein with the 

carbohydrate structure of asialoglycophorin A. Mol. Immunol. 12:13^1- 
1348). 

Most known vaccines are based on capsular polysaccharides or 0 
antigens consisting of repetitive units of 1 to 8 monosaccharides, in 

15 order to minimalise the influence of the coupling by use of larger 

oligosaccharides. Meningococcal LPS does not contain repetitive units and 
therefore the selection of the coupling method using meningococcal LPS 
will in particular be important for the immunologic and immunochemical 
characteristics of the resulting conjugate. 

20 Preferably the saccharide is coupled to the peptide via a spacer 

containing the terminal reactive groups such as NH 2 and C00H. The use of 
a spacer in saccharide peptide vesicles according . to the invention has 
the advantage that the tertiary structure of the saccharide part is not 
altered, which is important for the immuno activity of the saccharide. 

25 In the meningococcal oligosaccharides two groups are available for 

use in coupling such an oligosaccharide to a carrier peptide: the free 
amino group of the phosphoethanolamine group (PEA group ) and the 
carboxylic acid group of the KDO unit (fig. 1). The PEA group should 
preferably not be used for coupling as this group probably comprises part 

30 of a number of the immunotype specific epitopes. Therefore, it is 

preferable in a saccharide peptide vesicle according to the invention to 
maintain phosphoethanolamine groups with free amino groups. Typically 
saccharide peptide conjugates can be made on the basis of coupling the 
carboxylic acid group of the oligosaccharide to the free amino groups of 

35 the peptide. When this method is applied with the meningococcal 
oligosaccharide this can result in coupling of oligosaccharide to 
oligosaccharide or of oligosaccharide to carboxylic acid groups of the 
peptide by the PEA group of the oligosaccharide. Jennings et al. 
(Infect. Immun. ^3: 407-^12) have solved this problem by removing the PEA 
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groups through treatment with hydrogen fluoride. The dephosphorylated 
oligosaccharides were subsequently coupled to tetanus toxoid by 
incorporating B- (l4-aminophenyl)ethylamine as spacer at the reducing 
terminus via reductive amination (which lead to loss of the ring 
5 structure of KDO). followed by activation of the amino group with 

thiophosgen followed by coupling to tetanus toxoid. Such conjugates with 
immunotype L 2 . L 5 and t 10 were -very immunogenic in rabbits whereas those 
of L 3 were badly immunogenic. For this last group the loss of PEA group s 
and/or ring structure of the KDO group appears to be important for the 
10 immunity and it is preferable to make a saccharide peptide vesicle with 
L 3 oligosaccharide of Meningococcus in which the PEA group s and the KDO 
ring structure of the meningococcal oligosaccharide have been modified as 

little as possible. 

The abovementioned methods do not suffice for preparing a 
15 saccharide peptide vesicle according to the invention in which the B cell 
activating activity of the saccharide part depends on the presence of one 
or more phosphoethanol (PEA) groups. Additional measures are necessary 
for preparing such saccharide peptide vesicles. 

A possibility for preparation of a saccharide peptide vesicle 
20 according to the invention that solves the abovementioned problem is used 
of a saccharide part that has been synthetically obtained. 

With current techniques it is possible to synthesize 
oligosaccharides. Furthermore, as has been described previously in this 
subject patent application, in the case of saccharide peptide vesicles 
25 comprising oligosaccharides derived from LPS it can be advantageous to 

synthesize the B cell activating part that is present in the "inner core" 
of LPS. Another advantage of a synthetically obtained saccharide part 
lies in the possibility to incorporate the minimum saccharide that 
operates as B cell activating part in the SPC according to the invention. 
30 Furthermore, it is also possible to synthesize a saccharide part 
comprising a miminum oligosaccharide with cross reactive immunity 
providing activity. It is also possible to synthesize B cell activating 
parts providing better immuno activity than the natural oligosaccharides. 
It is simpler to place the spacer at a specific location with a 
35 synthetically obtained saccharide part. It is also possible to 

incorporate one or more phosphoethanol groups in the B cell activating 
part of the saccharide part for obtaining improved immuno activity. 

In order to place the spacer at a specific location in the 
saccharide it is preferred to provide the reactive groups of the 
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saccharide with protective groups before the spacer is coupled. The 
reactive group at which the coupling with the spacer occurs is not 
provided with a protective group. This method prevents groups which are 
essential for the immunity providing activity to be removed or altered 
5 during coupling of the spacer. 

The invention is also directed at a nucleotide sequence encoding 
recombinant OMP or a recombinant OMP fragment which is discernible from 
non recombinant OMP or a non OMP fragment by at least a mutation in one 
of the loops 2, 3, 6, 7 or 8 of the OMP. In particular the invention is 
10 directed at such a nucleotide sequence with a mutation in one of the 
loops 6 or 7. A sequence also including the most important antigenic 
determinants located in loops 1 and 4 is preferred. The nucleotide 
sequence can. comprise an insertion, deletion or alteration of at least 
one codon as mutation, with a preference for a mutation leading to at 
15 least formation of a codon including an additional amino acid with a 

reactive side group in one of the loops 2, 3. 6, 7 or 8 in comparison to 
the amino acid sequence of the corresponding OMP or OMP fragment. The 
nucleotide sequence according to the invention further preferably 
comprises a codon encoding cysteine. 
20 The invention is also directed at an expression vector comprising 

the nucleotide sequence for OMP or an OMP fragment according to the 
invention as well as a micro organism comprising said nucleotide sequence 
and/or said expression vector according to the invention. 

The invention is also directed at a polypeptide having at least the 
25 immuno activity of OMP, which polypeptide is characterized by the 

presence of an additional amino acid with a reactive side chain in one of 
the surface loops, in particular loops 2, 3. 5. 6. 7 or 8, in comparison 
with corresponding native OMP or a corresponding fragment of the native 
OMP. A polypeptide with an amino acid with a specific reactive side chain 
30 in loop 6 or 7 is preferred because these loops will be of least 
hindrance to the tertiary structure of OMP of loops 1 and k when "a 
saccharide part is coupled. Preferably a polypeptide according to the 
invention comprises a cysteine as amino acid. As native OMP does not 
comprise cysteine it is in a polypeptide according to the invention 
35 possible to couple very specifically to cysteine. The incorporation of an 
additional lysine is also one of the possibilities, however it is not 
preferred due to the presence of more than one lysine in native OMP and 
therefore also in the polypeptide. The coupling will therefore provide 
more than one conjugate and will require screening for the correct 



WO 94/08021 



20 



PCT/NL93/00163 



conjugate. 

A saccharide peptide conjugate comprising at least one epitope of 
an OMP characterized by the presence of a polypeptide according to the 
invention also falls within the scope of the invention, as does a vaccine 
5 comprising an outer membrane vesicle, a SPV. a polypeptide or a 

saccharide peptide conjugate according to the invention in aiT-ef fective 
amount. 

Furthermore, the invention is directed at a nucleotide sequence 
comprising meningococcal LPS encoding material, said nucleotide sequence 
10 being discernible from the wild type nucleotide sequence by at least one 
mutation or deletion whereby the expression product of the mutated 
nucleotide sequence does not comprise any or does not comprise functional 
GalE in contrast to the nucleotide sequence of the wild type. Such a 
nucleotide sequence can comprise a mutation in the cps locus of 
15 meningococcal DNA or equivalent DNA derived therefrom, for example in DNA 
derived from N.meningiditis such as on plasmid pMF32.25 which has been 
integrated in meningococcal strain CBS 401.93 and deposited at the CBS in 
Baarn on July 29. 1993. Preferably such a sequence comprises a mutation 
in the D or E region. An expression vector comprising a nucleotide 
20 sequence of LPS meningococcal encoding material according to the 
invention, as well as a microorganism comprising such a nucleotide 
sequence and capable of expressing such a sequence fall within the scope 
of the subject invention. In particular, a mutagenised meningococcal 
strain that produces LPS without containing galactose falls within the 
25 scope of the subject invention as does a vaccine comprising such a micro 
organism or molecule according to the invention. 
EXAMPLE I 
Summary 

Class 1 outer membrane proteins are used for vaccine development 
30 against B Meningococci. These proteins naturally contain two variable 

areas (=epi topes), which bind bactericidal antibodies. These epitopes are 
located in two loops 1 and 4 that are exposed at the surface. Four 
meningococcal strains were made with extra epitopes in loops 5 and 6 of 
class 1 protein (see table A), from which it is apparent that insertion 
35 at loops 5 and 6 is possible without disadvantages to epitopes in 1 and 
k. The strains all have the natural epitopes of the parent strain A8-6 1 
in loops 1 and 4, namely the PI. 5 and PI. 2 epitopes. Furthermore, strain 
J007 has an extra PI. 7 and strain J016 has an extra P1.16 epitope, 
whereas strain J7l6 has two extra epitopes, the PI. 7 and the P1.16 in 
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loop 6. Finally, strain P016 has an extra P1.16 epitope in loop 5- All 
these strains are capable of binding monoclonal antibodies to the cell 
surface. 



5 TABLE A 



meningococcal 
string 


loop 1 


loop 4 


loop 5 


loop 6 


J007 


PI. 5 


PI .2 




PI. 7 


J016 


PI. 5 


PI. 2 




PI. 16 


J716 


PI. 5 


PI. 2 




P1.7*Pl.l6 


P016 


PI. 5 


PI. 2 


PI. 16 





With the aid of this information new meningococcal strains can be 
produced containing mutations in OMP which strains can be used to produce 
15 outer membrane vesicles (=0MV's) consisting of pieces of outer membrane 
and are under certain circumstances secreted by N. meningitidis. These 
pieces can subsequently be coupled to LPS. The OMV's can serve as vaccine 
against B Meningococci. 



20 1.1 The structure of the class 1 OMP 

The class 1 OMP's are cation selective pore proteins [15]- The 
protein is approx. 37*J amino acids long and is preceeded by a 
signal peptide of 19 amino acids [1]. A model for the topology of 
25 the protein in the outer membrane predicts eight loops exposed at 

the surface (see figure k) . 

The transmembrane sequences have been maintained between the 
various Neisseria porins and form a £ sheet structure. The 
hydrophilic exposed loops at the surface exhibit large variation in 

30 length and sequence. When the different class 1 OMP's are compared, 

the sequences exhibit a homology of 90%. The variation in the 
sequences appears to be located in the first and the fourth loop. 
These are referred to as variable regions or epitopes. Bacterial 
antibodies appeared to bind the epitopes in loops 1 and *J , which 

35 corresponds to the fact that these loops are the longest (see fig. 

4). These two epitopes determine the subtype specificity of the 
class 1 OMP [6]. 
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1.2 Incorporation of extra epitopes in the meningococcal class 1 OMP 

When the different epitopes of the class 1 OMP's are compared, in 
total 10 different subtype specific epitopes can be discerned. 
5 Oligonucleotides with "sticky ends" are synthesized for two 

epitopes, the PI. 7 and P1.16. These oligonucleotides were 
subsequently placed in loop 5 and loop 6 of the class 1 OMP gene. 



The incorporation of the PI. 7 and P1.16 oligonucleotides in the 
10 class 1 OMP gene provided new strains with extra epitopes in the 

class 1 OMP. These strains already comprise the PI. 5 epitope in 
loop 1 and the PI. 2 epitope in loop 4. The newly incorporated 
epitopes, PI. 7 and P1.16 have been placed in loop 5 or 6. The 
expression of the incorporated epitopes in the new strains has 
15 subsequently been observed with whole cell ELISA and compared to 

the expression of the parent strain. Subsequently the outer 
membrane complexes (OMC's) have been isolated from both the new 
strains and the parent strain which are used for the immunisation 
of mice. 



20 



1-3 Materials 



The used DNA L plasmid: 



2p - The plasmid pTZ19R is a plasmid derived from Pharmacia, 

encoding for a.o. Amp-resistence (Ampr) and the lac Z'-gene. The 
used plasmid 2-2ASE is a derivative of pTZ19R. This plasmid 
contains a 1.9 kB insert with a part of the class 1 OMP gene from 
meningococcal strain 2996 (PI. 5, 2), from amino acid 100. This insert is 
30 located at the EcoRl site of the Mutiple Cloning Site (=MCS) of pTZ19R. 
Through a deletion in the Multiple Cloning Site from the Sail site of the 
EcoRI site (where the insert begins), the class 1 gene has come into the 
same reading frame as the lac T derivative of pTZ19R. The class I OMP 
gene in this plasmid contains a Kpnl restriction site in loop 5- 

35 

- Another used plasmid pPH20 i J is again a derivative of 2-2ASE. 

The class 1 OMP gene in this plasmid contains a new Kpnl 
restriction site, namely in loop 6 instead of loop 5- The original Kpnl 
site in loop 5 has been replaced by a BamHI restriction site and 



WO 94/08021 PCI7NL93/00163 

23 

subsequently a Kpnl site has been made in loop 6 by PCR mutagenesis 
[17]. 

The used enzymes : 

5 

The used enzymes are all derived from Boehringer Mannheim, together with 
the supplied buffers. 

Kpnl (vol. act.: 10 U/pl), with incubation buffer L. 
10 - Spel (vol. act.: 10 U/pl), with incubation buffer H. 

Sna BI (vol. act.: 8 U/pl), with incubation buffer M. 

T4 DNA ligase (vol. act.: 1 U/pl), with DNA ligase buffer. 

With corresponding incubation buffers: 

15 

M buffer (Ix): 10 mM Tris-HCl; 10 mM MgCl 2 ; 50 mM NaCl; 

1 mM dithioerythritol (DTE), pH 7-5 (at 37 °C) 
L buffer (lx): 10 mM Tris-HCl; 10 mM MgCl ? ; ImM 

dithioerythritol (DTE), pH 7-5 (at 37 °C) 
20 - H buffer (lx); 50 mM Tris-HCl; 10 mM MgCl 2 ; 100 mM NaCl; 

1 mM dithioerythritol (DTE) pH 7-5 (at 37°C) 
T4 DNA ligase buffer (lOx): 660 mM Tris-HCl; 50 mM MgCl 2 ; 50 mM 

dithioerythritol; 10 mM ATP; pH 7.5 (at 37°C). 

25 The used monoclonal antibodies directed at the epitopes and LPS- types: 



TABLE B 



monoclonal 
or LPS -type 


type , subtype 




MNl6C13rt 


PI. 2 


PI subtype specific 


MN22.19A9 


PI. 5 




MNlHCll.6 


PI. 7 




MN5C11G 


PI. 16 


LPS immunotype 


MN14F21.11 


LI 


specif ic 


AA8B2 


L3(7.9) 




4D1-B3 


L317.9) 




MN3A8C 


L5 




MN*1C1B 


L6(4.9) 




MNA11G 


L11.12 




MN9C10D 


L8. 10. 11, 12 




3A12-E1 


L3.7.8.9 




MN15A17F12 


L9. 10 




MN15A8-1 


Lipid A 
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all monoclonals derived from RIVM. 

The other materials are mentioned in the methods (1.4). 

The used bacterial strains: 

5 

E. coli K12 (NM522: This bacteria strain is Hsd" (=does not contain 
restriction modification system) 

meningococcal strain H44/76 B" (PI. 7.16): This bacteria strain is a 
capsule deficient class 3 deficient mutant of H44/76 (Pl.7.16). 
10 - menigococcal strain A8-6 1 B' (PI. 5. 2): This bacteria strain is a 
capsule deficient mutant H44/76 (Pl.7.16), which has been 
transformed with the class 1 protein of 2996 (PI. 5. 2) [17]- 

1.4 Methods 

15 

1.4.1 Control of pPH204 through transformation to Meningococci. 

The constructed plasmid pPH204 (PI. 2) has been transformed to 
meningococcal strain H44/76 B' (Pl.7.16). Here the P1.16 epitope in loop 
20 4 of H44/76 B* was exchanged with the PI. 2 epitope of plasmid pPH20^ . 
With the aid of colony blotting and immunoblotting (see further) PI. 2* 
colonies were isolated providing the strain J072 after control with SDS- 
PAGE, Western- and immunoblotting, see also table B in Results (1.5)- 

2p 1.4.2 Incorporation of extra epitopes in meningococcal class 1 OMP 

1.4.2.1 Incorporation of oligonucleotides in the plasmids pPH204 and 2- 
2ASE 

30 The used class 1 OMP gene in plasmid pPH204 contains a restriction 

site for Kpnl in the part encoding loop 6. An oligonucleotide with Kpnl 
sticky ends which encodes the PI. 7 epitope as indicated below and in 
preparation L insertion of oligonucleotides (1.4.3) was placed herein. 
Through incorporation of the oligonucleotide the Kpnl restriction site 

35 disappeared and a unique Spel restriction site was created. This plasmid 
is named construct pJB007 - 



2.1 oligonucleotide of the PI. 7 epitope with Kpnl sticky en<jg ( sequence 
id 1): 



I 
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N G C A S 

5'-c|aac ggc ggc gcc tct 

3'-catcc|ttc ccg ccg CGG AG a 

5 V A A G R 



G Q V K V T 
GGC CAA GTT AAA GTT ACT|AGTAC-3' 
CCG GTT CAA TTT CAA TaA|T-5' 

A L N L N S 



restriction enzym: restriction enzym: 

10 A/CTAGT GGTAC/C 
TGATC/A C/CATGG 
Spel Kpnl 

Upon insertion of the oligonucleotide in the plasniid, Kpnl site 
15 disappears and a unique Spel site appears: 



left (sequence id 2) 

5*-ggtacg|aac ggc- 3' 
3'-ccatgc|ttg ccg-5' 



right (sequence id 3)* 

5'-cnr act|agtacc-3' 
3' -caa tga|tcatgg-5* 



In the same manner an oligonucleotide with Kpnl sticky ends was 
placed in loop 6 encoding the P1.16 epitope as indicated below and in 
preparation L insertion of oligonucleotides (1.^.3). Through 
25 incorporation of the oligonucleotide the Kpnl restriction site also 

disappeared here, however a unique SnaBI restriction site was created. 
This plasmid is named construct pJB0l6. 

2.2 oligonucl eotide of the PI. 16 epitope with Kpnl sticky ends f^mipnrp 
30 iAJil: 



Y T K D T 
5* -G | TAT ACC AAA GAC ACC 
3 -CATGC j ATA TGG TTT CTG TTG 
I G f V c 



N N N L T L 
AAC AAC AAC TTG ACC TTG | AGTAC-3* 
TTG TTG TTG AAC TTG AAC | T~5 

V V V Q G Q 
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restriction enzyme: restriction enzyme: 

TAC/CTA GGTAC/C 

ATO/CAT C / CATCG 
SnaBI K P nI 
5 From insertion of the oligonucleotide in the plasmid. Kpnl site 
disappears and a unique SnaBI site appears: 

left (sequence id 5): right (sequence id 6): 

5*-ggtacg|tat acc-3' 5'-acc ttg|agtacc-3' 

10 t 

3'-CCATCC|ATA TGG-5 3 -TGG AAC |TCATGG-5 



Subsequently an oligonucleotide with Spel sticky ends behind the 
oligonucleotide PI. 7 was placed in loop 6 in the construct pJB007. 
15 whereby the oligo encodes the P1.16 epitope as illustrated below. Hereby 
the Spel restriction site disappeared through incorporation of the 
oligonucleotide. This plasmid is named construct pJB7l6. 

2.3 oligonucleotide of t he pi.i6 epitope with Spel sticky ends 

20 (sequence id 7) : 



YTKDTNNNL TL 
5*-CTAGC|TAT ACC AAA GAC ACC AAC AAC AAC TTG ACC TTG|t-3* 

3*-G|ATA TGG TTT CTG TGG TTG TTG TTG AAC TGGAAC | AGATC-5 ' 
25 IGFVGVVVQGQ 

restriction enzyme: 

A/CTAGT 
TGATC/A 

30 s P eI 



By cutting the incorporated oligonucleotide of the PI. 7 epitope 
with Spel followed by an insertion with the oligonucleotide of the P1.16 
epitope (with Spel sticky ends) the Spel site disappears: 

35 

left (sequence id 8): right (sequence id 9): 



5'-ACTAGC|TAT ACC- 3' 
3'-TCATCG|ATA TGG-5* 



5*-ACC TTG |TCTAGT-3* 
3' -TGG AAC|AGATCA-5' 
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The used class 1 OMP gene in plasmid 2-2ASE contains a Kpnl 
restriction-site in the part encoding loop 5- A P1.16 oligonucleotide has 
been placed therein. Through incorporation the Kpnl restriction site 
disappeared. This construct is named pPH0l6. 

5 

TABLE C 



construct 


in 


loop 6 


in loop 5 


pJB007 


PI 


7 




pJB0l6 


PI 


16 




PJB716 


PI 


7.16 




PPH016 






Pi. 16 



1.4.2.2 Transformation of constructs to E. coli 

15 Subsequently transformation of the four constructs to E. coli K12 

NN522 (see furtheron) was carried out. The transform ants were grown under 
selective pressure of 100 pg/ml Ampicilline. Plasmid was isolated from 
the colonies formed (see furtheron) and checked for presence of the 
correct constructs. Construct PJB007 was checked for the disappeared Kpnl 

20 and the formed Spel site. The construct pJB0l6 was checked for the 

disappeared Knpl and the formed SnaBI site and the construct pJB7l6 was 
checked for the disappeared Spel site. With the aid of SDS-PAGE, Western 
blotting L. immunoblotting (see furtheron) with the suitable monoclonals 
it was observed whether the insertions of the PI. 7 and P1.16 epitope were 

25 successful therefore exhibiting expression and binding antibodies. 

1.4.2-3 Transformation of constructs to meningococci 

Subsequently the constructs (pJB007, pJB0l6, pJB7l6) were used to 
30 transform meningococcal strain A8-6 1 B" (PI. 5*2), whereby recombination of 
the meningococcal chromosomal DNA and the construct occurred. With the 
aid of colony blotting and immunoblotting (see furtheron) PI. T and the 
PI. 16* colonies were isolated resulting in the desired strains after 
checking with SDS-PAGE, Western L Immunoblotting, see also Table C in 
35 results. 



1.4.2.4 Checking of new strains with whole cell Elisa 
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The degree in which the incorporated epitopes were expressed in the 
strains J007. J016. J716. J072 and P016. was observed and this expression 
was compared to the expression of the parent strains. 

5 1.4.3 Preparation L insertion of oligonucleotides 

The complementary non phosphorylated oligonucleotides as indicated 
above, were synthesized on the Applied Biosystems 38l4 DNA synthesizer. 
Hybridisation occured by adding the complementary oligonucleotides in 

10 equal concentrations, warming to 95°C and subsequently cooling to room 
temperature. This led to oligo's with the correct sticky ends. The 
plasmid was digested with the correct enzyme, after which 
oligonucleotides were ligated with the aid of Tk ligates in the plasmid 
o/n at lp'C (in the ratio 200 ng oligo/I ug plasmid). The ligation 

15 mixture was subsequently warmed to 80°C and slowly cooled to room 
temperature to enable incorporation of oligonucleotide. Through 
incorporation of the oligo's in the plasmid the used restriction site 
disappeared. The ligation mixture was consequently cut with this enzyme, 
whereby linerizing the self closing products under the plasmids. Upon 

20 transformation to E. coli K12 NM522 (see furtheron) these linear pieces 
were degraded, so that all transformants must have an insertion. With the 
aid of SDS PAGE , Western blotting & immunoblotting (see furtheron) with 
monoclonals against the new epitopes the transformants were selected for 
the correct orientation of the incorporated oligonucleotide. 



25 



1.4.4 Transformation to E. coli K12 NMp22 



Transformation of plasmid DNA to E. coli was carried out according 
to [13]. For this an E. coli K12 NM522 was used which was grown in Luria 

30 Broth medium (Trypton 10 g/1; yeast extract 5 g/1: NaCl 10 g/L. P h 7.0) 
at 37'C. After transformation the E. coli was plated on a solid nutrition 
medium consisting of LB-medium with 1.5* (n/v) agar (Noble. Difco) . For 
selection for ampicillin resistance 100 ug/ml ampicillin (Sigma) was 
added to the medium, after which growth occurred at 30°C in order to 

35 prevent satellite formation. 



1.4.5 Plasmid isolation 



Plasmid isolation from E. coli was carried out according to the 
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alkaline lysis method [133- 

1.4.6 Agarose gel electrophoresis 

5 Agarose gel electrophoresis was carried out according to [133- For 

this 1% (m/v) (Sigma No A-9539) for a normal gel and a 1,2% (m/v) low 
melting agarose (Nusieve GTG, FMC Bioproducts) were applied for a 
preparative gel. TBE buffer (RIVM) lx concentrated was applied as buffer 
for these gels: 0,089 M Tris. 0,089 M boric acid. 0,002 M EDTA (pH 8.3). 
10 The molecular weight marker used here was the lambda Hindlll digest 

(Boehringer Mannheim) with fragment sizes of 125, 564, 2027. 2322. 436l, 
6557. 9^16, 23130 bp. A 302 (m/v) sucrose solution with 0,25% (m/v) 
bromophenol blue served as loading buffer (5*). 

The electrophoresis was carried out at 10 V/cm. Afterwards these were 
15 coloured with 0,5 pg/ml ethidiumbromide and photographed. 

1.4.7 Transformation to Meningococci 

A plate with Meningococci was cultivated o/n with 5> C0 2 and damp 
20 tissue at 37 °C. The cells of the fully cultivated plate were subsequently 
resuspended in 10 ml Muller Hinton medium (RIVM) with 10 mM MgCl 2 of 
37°C. The bacterial suspension was subsequently diluted 1:5 in Muller 
Hinton medium, after which 1 pg/ml plasmid DNA was added. After 
incubation for 3 hours at 37°C, 10* dilution in sterile PBS (with 0,01 M 
25 phosphate, buffered physiological salt pH 7-2; RIVM) was carried out and 
plating on a gonococcal agar plate (* supplement 3) occurred. After 
overnight cultivation the correct transformants were selected with the 
aid of colony blotting. See furtheron, at colony blotting. 

30 1.4.8 Colony blotting 

The cells of a fully covered meningococcal plate were transferred 
to a 0,45 um nitro cellulose membrane (Schleicher & Schuell). 
Subsequently the bacterial cells were put in PBS (phosphate buffered 
35 phys. saline, pH7.2; RIVM) with 0,1% Tween 80 ( Polyoxyethylene sorbitan 
monooleate, Merck) and inactivated for 1 hour at 56°C. Afterwards the 
excess cells were wiped off and the blot was treated as in immunoblotting 
(see furtheron) . 
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1.4.9 SDS PAGE 

SDS PAGE was carried out according to [8]. The gel consisted of a 
5 5% (m/vol.) acrylamide stacking gel and an 11% (m/vol.) acrylamide 

resolving gel. The used reference proteins (RIVM) had the sizes 14, 20, 
30, 1*3. 67 and 94 kD. All samples for the SDS PAGE consisted of complete 
cells. 

10 For the E. Coli cells these were cultivated o/n at 37 C in LB- 

medium with 100 pg/ml ampicillin, with and without 1 mM IPTG (=- 
isopropyl-B-D-thiogalactopyranoside, Sigma). Subsequently .1 .5 ml of the 
suspension was centrifuged off. The pellet was suspended in 70 pi H 2 0 to 
which 130 pi loading buffer (Tris/HCl 0.625 M P H 6,8; 10% SDS; 50% 

15 glycerol; 0,01% bromophenol blue; B-mercapto-ethanol=2: 4 :4 :2: 1 ) was 
added. The mixture was subsequently incubated for 10 min. at 95 C. 

For the meningococcal cells cells from a fully cultivated plate 
(o/n, with 5% C0 2 and damp tissue at 37°C) were dissolved in 10 ml PBS 
20 (with 0,01 M phosphate, buffered physiological saline, pH 7-2; RIVM), 
inactivated for 30 min. at 56°C and centrifuged off (10 min. at 4000 
rpm). The pellet was suspended in 500 pi H 2 0. 170 pi loading buffer and 0 
to 35 pi H 2 0 were added to 35 to 70 pi bacterial suspension, total volume 
of 200 pi. This mixture was warmed for 10 min. at 95°C and put on gel. 

25 

The used electrophoresis buffer consisted of 50 mM Tris/HCl (pH 
8.3); 380 mM glycine; 0.1% SDS. The electrophoresis was carried out at a 
constant current of 40 mA. After electrophoresis the gels were: 

1. or coloured in 1 hour at 56°C with Coomassie brilliant blue (0,1% 
30 (w/vol.) in 10% (vol. /vol.) acetic acid and 30% (vol. /vol..) 

methanol) and decoloured for at least 1 hour at 56°C in a 10% 
(vol. /vol.) acetic acid/5% (vol. /vol.) methanol solution. 

2. or blotted on a 0,2 pm nitro cellulose membrane (Schleicher L 
Schuell), see furtheron at Western blotting. 



35 



1.4.10 Western and immunoblotting 



The proteins separated on SDS PAGE were transferred to a 0.2 pm 
itrocellulose membrane (Schleicher & Schuell) with the aid of the Ancos 
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Semi Dry Electroblotter A, for 1 hour at 0.8 mA/cm 2 gel, with 25 mM 
TRIS/HC1 (pH 8,3); 192 mM glycerine; 20% methanol; 0.0375% SDS as blot 
buffer. Subsequently the blot was rinsed for a quarter of an hour in PBS 
(phosphate buffered physiological saline, pH 7.2) with 0,1% Tween 80 
5 (Merck). Afterwards the blots were rinsed for half an hour in PBS 0,1% 
Tween and 0,3% caseine (hydrolysate, N-Z-AmineA, 1CN Biochemicals) . The 
blots were subsequently incubated for at least 1 hour in PBS/0,1% 
Tween/0,3% caseine with the monoclonal antibody against the epitope to be 
detected. After incubation . it was rinsed 3* 10 min. with PBS/0,1% Tween 
10 and subsequently incubated for half an hour with protein A peroxidase 
conjugate {diluted 1:10.000) [9]. 

After rinsing again for 3x 10 min. with PBS/0,1% Tween and Ix with H 2 0 
the substrate/hydrogen peroxide mixture: 30 ml substrate A (substr. A: 
phosphate/citrate buffer, 0,02 M Na^HPO^ and 0,01 M citric acid 1:1, pH 
15 5,0) with 10 ml substrate B (substr. B: 2k mg tetramethyl benzidine and 
80 mg DONS (Dioctyl-sulfosuccinate) in 10 ml 96% ethanol) and 20 pi 
hydrogen peroxide 30% (Merck) were added. After a few minutes green/blue 
bands became visible on the blots where antibodies bind the proteins. 
Afterwards the blots were rinsed 3* with H ? 0 and photographed. 

20 

1.4.11 Whole cell Elisa 

A plate with Meningococci was grown o/n with 5% 00 2 and damp tissue 
at 37°C. The cells were subsequently resuspended in 5 ml PBS (phosphate 

25 buffered phys. saline. pH 7.2; RIVM) and inactivated for 30 min. at 56°C. 
Subsequently the suspension was diluted to an 0D 620 of 0,1. Microti tre 
plates (Titertek PVC microassay plates U bottom) were filled with 100 ul 
suspension /well (coating). The suspension was dried o/n at 37 C or for 2 
days at room temperature. The plates were rinsed 3* with PBS with 0,1% 

30 Tween (Merck) shortly before use. 100 pi Solution with the monoclonal- 
antibody-dilution in PBS/0,1% Tween/0,5% Protifar (Nutricia) was added 
per well and incubated for 1 hour at 37 °C. The plates were rinsed 3* uith 
PBS/0,1% Tween. Subsequently the wells were filled with 100 pi protein A 
peroxidase conjugate (RIVM , l:100000x dilution) or anti IgM* conjugate 

35 (RIVM, l:2000x diluted in PBS/0,1% Tween/0,5% Protifar) suspension/well 
and incubated for 1 hour at 37 C C. After .rinsing 3* with PBS/0,1% Tween 
100 pi substrate C (substr. C: 1 ml tetra methyl benzidine (6mg/ml 
alcohol 96%) and 22 pi H r 0 2 30% (Merck) in 60 ml 0.11 M NaAc buffer) was 
added per well, after which incubation took place for 10 minutes. The 
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reaction was stopped by blocking with 100 ul 2M H^C/well. The 
absorptions were read with an ELISA reader (Biokinetics Reader EL312e of 
Bio-Tek Instruments) at 450 nm. 

5 1.4.12 OHP isolation 

A plate with Meningococci was grown o/n at 37*C with 5% C0 2 and damp 
tissue. The cells were subsequently resuspended in 5 ml liquid 
meningococcal medium (RIVM) and divided over two flasks with 200 ml of 
10 meningococcal medium (RIVM). These flasks were shaken o/n at 37*C. The 
cells were inactivated 30 min at 56*C after which they were centrifuged 
at 10.000 rpm for 10 min. (Beckman model J-21B. rotor JA-14). The top 
liquid was discarded and 10 ml 0,01 M Tris/HCl pH 8.0 was added to every 
pellet. After resuspending the pellets the suspensions were joined in one 

15 50 ml tube. The tube was placed in ice water and subsequently subjected 
to 15 min. ultrasonic vibration (Branson Sonifier 250. position 4, 502). 
After which centrifugation was carried out for 30 min. at 4000 rpm 
(Heraeus Christ Minifuge GL with permanent rotor) . The top liquid was 
centrifuged for 1 hour at 30.000 rpm and 10"C (Sorvall ARC-1 

20 ultracentrifuge Oil Turbine Drive (OTD)-65. rotor 70 TJ. Subsequently 
the pellet was resuspended in 4 ml I* sarcosyl in Tris/HCl pH 8.0 and 
centrifuged for 15 min. at 5000 rpm (Heraeus minifuge). The top liquid 
was centrifuged for 1 hour at 30.000 rpm and 10*C (Sorvall 
ultracentrifuge. rotor T865.D- After pouring of the top liquid the 

25 pellet was dissolved in 2 ml 0.01M Tris/HCl pH 8.0. Subsequently the 
yield was checked by determining the protein content (with the BCA* 
Protein Assay Reagent of Pierce, protocol according to the manufacturer). 
After which the OMP's were brought to a protein content of 1 mg/ml in 
Tris/buffer and filled out to 50 pi /tube. The purity is determined with 

30 the aid of an 11% SDS-PAA-gel and an ELISA. 

1.5 Results 

1.5.1 Control of pPH204 through transformation to Meningococci 

In order to check whether the plasmid pPH204 remains intact, this 
plasmid was transformed to meningococcal strain H44/76 B". Here the PI. 2 
epitope of plasmid pPH204 was exchanged with the P1.16 epitope of strain 
H44/76. Selection for the correct transformants took place by means of 



35 
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colony and immunoblotting, whereby PI. 2* colonies were isolated. The 
colonies provided the strain J072 after control with the aid of SDS-PAGE, 
Western immunoblotting (see fig. 5 and 6, 7. 8 and 9)- This strain has 
the PI. 7 epitope in loop 1 and the PI. 2 in loop 4. 

5 

1.5.2 Insertion of PI. 7 oligonucleotide in the Kpnl site of pPh20^ 

The oligonucleotide for the PI. 7 epitope was placed in the Kpnl 
site of pPH20^, after which the resulting construct pJB007 was 

10 transformed to E. Coli K12 NM522. Plasmid was isolated from the resulting 
colonies. The isolated plasmid material was checked for disappearance of 
the Kpnl restriction site and the presence of the new SpEI restriction 
site, see fig. 10. In all checked transformants the Kpnl restriction site 
had disappeared and the new Spel restriction site was present. The 

15 transformants were place on SDS PAGE. After Western immunoblotting with 
monoclonal antibodies directed against the PI. 7 epitope, 3 transformants 
comprising the oligonucleotide in the correct orientation were selected 
see, fig. 11 and 12, 13, 14 and 15. 

20 1.5.3 Insertion of P1.16 oligonucleotide in the Kpnl site of pPH204 

The oligonucleotide for the P1.16 epitope was placed in the Kpnl 
site of pPH204 (construct pJB0l6) and subsequently transformed. Plasmids 
of transformants were checked for the disappearance of Kpnl site and the 
25 new SnaBI site, see fig. 10. Three transformants having the P1.16 epitope 
in the correct orientation were selected with Western immunoblotting, see 
fig. 11 and 12. 13, 1^ and 15- 

1.5. A Insertion of P1.16 oligonucleotide in the Spel site of pJB007 

30 

The oligonucleotide for the P1.16 epitope was placed in the Spel 
site of PJB007 (construct pJB7l6) and transformed. Plasmids of 
transformants were checked for the disappearance of Spel site, see fig. 
10. 1 Transformant having the oligonucleotide in the correct orientation 
35 was selected with Western immunoblotting, see fig. 11 and 12, 13, 1** and 
15. 



I.5.5 Insertion of P1.16 oligonucleotide in the Kpnl site of 2-2ASE 
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10 



3^ 

The oligonucleotide for the P1.16 epitope was placed in the Kpnl 
site of plasmid 2-2ASE (construct P PH0l6) and transformed. Plasmids of 
trans formants were checked for the correct incorporation of the 
oligonucleotide (data not included) [17]- 

1.5.6 Transformation of the constructs to Meningococci 

Subsequently the four constructs P JB007. P JB0l6. P JB7l6 and P PH0l6 
were transformed to meningococcal strain A806 l B" (PI. 5-2). Selection for 
the correct transformants occurred by means of colony and immunoblotting. 
whereby PI. T and P1.16* colonies were isolated. This resulted after 
checking the strains according to Table D. see also fig. 5 and 6. 7. 8 
and 9. 
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TABLE D constructed meningococcal strains 



meningococcal 
strain 


in 
loop 1 


in 
loop A 


in 
loop 5 


in 
loop 6 


J007 


PI. 5 


PI. 2 




PI. 7 


J016 


Pi. 5 


PI. 2 




PI. 16 


J716 


Pi. 5 


PI. 2 




PI. 7. 16 


J072 


Pi. 7 


PI. 2 






P016 


PI. 5 


PI. 2 


PI. 16 





20 



25 



I.5.7 Whole cell EL1SA 

The expression of the incorporated epitopes in the new strains was 
observed and compared with the parent strains A8-6* (PI. 5-2) and H^/76 
(PI. 7. 16). see fig. 16 and Table D. 



30 1.6 Conclusio n ft discussion 

In this series of tests four new meningococcal strains were made 
with extra epitopes in loops 5 and 6. Strains J007 and J0l6 respectively 
contain the 1-7 and the P1.16 epitope in loop 6. whereas J716 carries 
35 both the PI. 7 and P1.16 epitopes. Strain P0l6 contains the Pl.16 

epitope exclusively in loop 5- The whole cell EL1SA carried out shows 
that the monoclonal antibodies directed against the incorporated epitopes 
bind well to reasonably well to the whole cells in comparison to the 
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parent strains HW/76 and A8-6'. The ELISA shows that the new class 1 
OMP's can be transported completely Intact to the outer membrane, 
otherwise no binding to the monoclonal antibodies would occur. When 
strain H'l'l/76 is compared to the four strains with extra epitopes in 
5 loops 5 and 6, the PI. 7 epitope appears to bind equally well in all - 

cases. It does not matter whether the PI. 7 epitope is located in loops 1. 
5 or 6. 
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EXAMPLE II 
SUMMARY : 

In this example the creation of a mutated outer membrane protein is 
described, which OMP offers a coupling possibility for coupling the class 
1 OMP to the oligosaccharide part of the lipopolysaccharide . For this 

20 reason an oligonucleotide encoding a cysteine is incorporated in an 
existing restriction site of the class 1 protein gene, said oligo is 
subsequently transformed to a capsule deficient mutant of meningococcal 
strain H^/76, H^/76-B*. After transformation cysteine incorporation did 
not appear to have any influence on epitope expression or* on production 

25 of the class 1 OMP. 

The selection of loops 5 and 6 was determined by the fact that they 
contain no important class 1 epitopes and by the maintenance of immuno 
activity illustrated in Example 1 after providing mutations in these 
loops. Checking the result of incorporation took place on the basis of 

30 epitope expression of the resulting transformants . 

2.1 MATERIAL: 

The used plasmid: 

35 The used plasmid, pPH204 , is derived from the pTZ19R plasmid of 

Pharmacia . 
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OVERVIEW OF THE CREATION OF THE USED PLASMIDS 



10 



15 



pTZ19R 



P2.2AS-E 



pPH204 



pPH204-S 



1,9 kb part of the class 1 protein 
placed in the Eco Rl site. The bases 
between Eco Rl and Sal 1 were deleted. 

Kpn 1 site in loop 5 oT class 1 
converted to a Bam HI site. 
New Kpn I made in loop 6. 

. Oligo encoding cysteine residue 
ligated in the Kpnl site in loop 6, 
new PstI site created, old Kpnl 
site disappeared. 



20 Used enzyms: 

-Kpnl (vol. act.: 10 U/pl); with incubation-buffer L. 

-PstI (vol. act.: 10 U/pl); with incubation-buffer H. 

-T4 DNA Ligase (vol. act.: 1 U/pl); with T4 DNA LIGASE buffer. 

25 The composition of the corresponding incubation buffer, see Table E. 



TABLE E: Composition of used buffers 



Buffer components 


H 


L 


DNA 


in mraol/1 






Ligase 


Tris-HCl 


50 


10 


66 


MgCl 2 


10 


10 


5 


NaCl 


100 






Dithioerytheritol 


1 


1 


5 


ATP 






l 


pH at 37 °C 


7-5 


7-5 


7.5 



Both the enzymes and buffers are derived from B0EHRINGER MANNHEIM. 
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Used bacteria: 

Escherichia coli K12 NM522: this strain does not comprise a 
restriction modification system. 
5 Meningococcal strain: H44/76-B". This is the mutant of 

lacking a capsule. 

Used monoclonals: see Table F. 

10 TABLE F: Used monoclonals 



monoclonal 


directed against 


MNl6C13F^ 
MNlJJCll.6 
MN5C11G 


PI. 2 
PI. 7 
Pi. 16 



15 All used monoclonals are derived from the RIVM. 

Used membrane: 
FOR WESTERN BLOT: 

BIO RAD Trans Blot Transfer medium pure Nitro cellulose membrane 
20 Blotting Filter Paper, 0,^5 micron. 

Lot. No. : 4072/87020 
Cat. No.: 162-0113 
FOR COLONY BLOT: 

SCHLEICHER L SCHUELL BA 85/22, 0,^5 micron. 
25 diameter: 82 mm 

Ref .No. : <J06 216 

2 . 2 METHODS 

30 2.2.1 HYBRIDISATION OF OLIGONUCLEOTIDES: 

The complementary nonphosphorylated oligonucleotides (OLIGO'S) (see 
below) were added in a concentration of 1 pg/100 pi each, and warmed to 
95 0. After warming the mixture was able to slowly cool down to room 
35 temperature. Beacause the cooling down occurs slowly hybridisation of the 
complementary oligonucleotides can occur [5]. In this manner oligo's with 
the correct sticky ends are created, i.e. Kpnl sticky ends. 
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INFORMATION C1-C2 OLIGONUCLEOTIDE: 

Oligonucleotide encoding cysteine with Kpnl sticky ends (sequence 
id 10): 

5 Gly Cys Ser Leu Ser 

5 f - G GGC TCC AGC CTA ACT AC-3' 

3*-CATG C CCG ACG TCG GAT T -5' 

10 

Ala Ala Ala End 



Restriction site for Kpnl: 5 , -GGTACC-3' 
15 3 , -CCATGG-5 l 

Restriction site for PstI: 5*-CTGCAO-3' 

3 , -GACC^^c-5 , 

20 

The oligonucleotide is composed of two single-stranded oligo- 
nucleotides: 

Oligo CI (sequence id 11) : 5'-CGG CTG CAG CCT AAG TAC-3* 

25 

Oligo C2 (sequence id 12) : 5'-™ GGC TGC AGC CCG TAC-3' 



2.2.2 LIGATION OF HYBRIDISED OLIGONUCLEOTIDES IN PLASMIDS: 

30 

The plasmids were subjected to digestion with the correct enzyme 
and subsequently separated on a 1,2% low melting gel from the plasmids 
that were not cut. Afterwards the gel was coloured with ethidium bromide 
and the cut plasmids were cut out of the gel. After which the cut plasmid 
35 DNA was isolated from the agarose gel again through phenol extraction and 
ethanol precipitation [8]. 

Half of the isolated plasmids were taken for ligation of the 
oligo' s. The ligation mixture was composed as follows: 50 pi cut plasmid 
DNA , 20 pi hybridised oligo mixture, 10 pi ligation buffer, k pi T ft 
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ligase, 16 pi dH ? 0. After incubation of the ligation mixture overnight 
(o/n) at l6°C the mixture was concentrated by ethanol precipitation. 
Subsequently- the ligation products were separated on a 1,2% low melting 
gel and the ligation products were cut out after which they were isolated 
5 from the gel by phenol extraction and ethanol precipitation. 



2.2.3 MELTING EXCESS OLIGO: 



After isolation of the ligation products from the gel these were 
10 warmed to 65°C so the excess oligo was melted. By slowly cooling the 
mixture down again hybridisation could occur between the complementary 
parts of the oligo ligated to the plasmid. 



15 



2.2.4 REMOVAL OF SELFCLOSING PLASMIDS: 



The solutions were subsequently postcut with the original 
restriction enzyme in order for the self closing plasmids to be reopened. 
This postcutting could take place as the incorporation of the oligo had 
changed the original restriction site to a different restriction site. 
20 After cutting linear plasmids without oligo and circular plasmids with an 
incorporated oligonucleotide were created. As only circular plasmid DNA 
can be taken in by E. coli . in principle only transformants containing the 
oligo can arise. 



25 2.2.5 TRANSFORMATION TO E. COLI : 

Transformation procedure see: [8]. 

After transformation the transformants were plated on Luria Broth 
(L.B.) medium nutrition media to which 100 ug/ml ampicillin was added. 

30 The plates were incubated o/n at 37*0, after which the transformants were 
plated from single colonies on L.B. nutrition media with ampicillin and 
incubated again o/n after which single colonies were transferred to 
liquid L.B. medium with ampicillin, which mixture was incubated o/n at 
37 C whilst being shaken and was used for plasmid isolation (see 

35 furtheron) . 

2.2.6 PLASMID ISOLATION: 



Plasmid isolation from the transformants was carried out according 
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to the alkaline lysis method [8]. 

2.2.7 DIGESTION OF THE RECOMBINANT-PLASMIDS : 



5 In order to check whether the oligonucleotide was present in the 

plasmids, a digestion was carried out with the restriction enzyme 
encoding the new restriction site. A digestion was also carried out with 
the restriction enzyme encoding the restriction site which should have 
disappeared, so that it could be determined on the basis of the 
10 restriction pattern on an agarose gel whether the old restriction site 
had disappeared and the new site was really present. The protein 
composition of the positive transformants was checked with sodium dodecyl 
sulphate polyacrylamide gel electrophoresis (SDS. PAAGE) . 



15 2.2.8 SDS PAAGE: 

The SDS PAAGE was carried out according to protocol [8]. An 112 
acrylamide gel was used as separation gel. a 52 acrylamide gel was used 
as concentration gel. 

20 

Procedure with E. coli . 

The positive transformants were grown for electrophoresis o/n in 
liquid LB medium with (100 pg/ml) ampicillin both with and without (ImM) 
IPTG {=isopropyl-8-D-thiogalactopyranoside (Sigma)}. 1,5 ml ° f tne °/ n 
25 culture was centrifuged off, after which the pellet was resuspended in 40 
pi dH 2 0, to which 10 pi loading buffer {250mM Tris-HCl pH 6.8, 102 SDS, 
10% dithiotreitol. 50% glycerol, 0,052 bromophenol blue} were added, 
after which the suspension was warmed for 10 minutes at 95°C and put on 
gel. 

30 

Procedure with Meningococci 

For the Meningococci the cells grown o/n in a damp atmosphere with 
5% C0 ? on a meningococcal plate enriched with isovitalex were suspended in 
10 ml PBS (0.01M phosphate buffered physiological saline. pH 7,2 : RIVM). 
35 The obtained suspension was subsequently warmed for 30 min. at 56 C. in 
order for the Meningococci to be inactivated after which the suspension 
was centrifuged off (10 minutes at 4000 rpm) . The pellet was suspended in 
40 pi dh\0 and to which 10 pi loading buffer was again added after which 
the suspension was warmed for 10 min. at 95 °C and put on gel. 
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The applied electrophoresis buffer had the following composition: 
50mM Tris/HCl (pH 8,3). 380mM glycine. 0.1% SDS. The electrophoresis was 
carried out with 20mA per gel. 

After the electrophoresis the gel was: 
5 1) coloured with Coomassie brilliant blue (1 hour at 56°C), and 

afterwards coloured with 10% HAc/5 (vol. /vol. )% methanol" (3 times 
30 min. at 56°C) . 

2) blotted on a 0,^5 micron nitrocellulose membrane (Biorad) . 

10 2.2.9 WESTERN OR 1MMUN0BL0TT1NG: 

With the aid of an Ancos Semi Dry Electroblotter A the proteins of 
the SDS PAAgel were blotted over on to a 0,^5. micron nitrocellulose 
membrane (Biorad). The protein transport from the gel to the membrane 
15 occurred by blotting for 1 hour at 0,8 mA/cm 2 gel whereby 25 mM Tris-HCl 
(pH 8,3). 192 mM glycine, 20% methanol, 0,0375% SDS was used as blot 
buffer. 

After blotting the blot was rinsed for a quarter of an hour in PBS 
with 0,1% Tween 80 (polyoxyethylene sorbitan monooleate , Merck). 

20 Subsequently the blot was rinsed for half an hour with PBS to which 0,1% 
Tween 80 and 0,3% caseine hydrolysate (N-Z Amine A, ICN Biochemicals ) was 
added, after which incubation occurred for an hour with monoclonals 
dissolved in PBS/0,1% Tween 80/0,3% caseine, against the epitope to be 
detected. After which the blot was rinsed 3 times for 10 min. with 

25 PBS/0.1% Tween 80 after which it was incubated for half an hour with 
protein A peroxidase conjugate, diluted 1:10.000 with PBS/0,1% Tween 
80/0,3% caseine. Subsequently rinsing again took place 3 times 10 min. 
with PBS/0,1% Tween 80 and once with d H2 0 after which the hydrogen 
peroxide substrate mix (20 ul 30% hydrogen peroxide, Merck; 30ml 

30 substrate A:phosphate/citrate buffer, 0.02 M Na 2 HP0i and 0.01M citric acid 
(1:1) pH=5,0; 10 ml substrate B:80mg Dioctyl-sulphosuccinate (DONS). 2^mg 
tetra methyl benzidine (TMB) in 10 ml 96% ethanol ) were added. 

After several minutes blue bands became visible at the position 
where the monoclonal antibodies had bound to the corresponding proteins. 

35 Afterwards the blots were rinsed another 3 times with water after which 
they were photographed or were kept in the dark until they were 
photographed . 
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2.2.10 TRANSFORMATION TO MENINGOCOCCI: 

Meningcocci were grown o/n on GC agar (Difco) , enriched with 
isovitalex at 37°C in a damp atmosphere with 5% C0 2 (3). The cells of the 
5 completely covered plate were resuspended in 10ml Mailer Hinton medium 
(RIVM), with 10 mM MgCl 2 of 37*0. Subsequently the suspension was diluted 
1:5 in Muller Hinton medium with lOmM MgCl 2 and 1 ug/ml plasmid DNA was 
added. Subsequently incubation for 3 hours at 37 °C took place after which 
the bacterial suspension was diluted 10* times with sterile PBS and 
10 plated on a GC plate. After cultivation o/n the correct transformants 
were selected by means of a colony blot. 

2.2.11 COLONY BLOT: 

15 The colonies of a plate covered o/n at 37° C in a damp atmosphere 

with 5% C0 2 were blotted over on to a 0,^5 micron nitrocellulose membrane 
(Schleicher L Schuell) . Subsequently the blot was warmed for 30 min. in 
PBS/0, 1% Tween 80 at 56°C in order for the Meningococci to be 
inactivated. After warming the excess bacteria were wiped off. For the 

20 further procedure see the Western or immunoblot technique. 

2.2.12 OMP ISOLATION: 

A plate with Meningococci was grown o/n at 37° C in a damp 
25 atmosphere with 5% C0 2 after which the cells were resuspended in 5ml 

meningococcal medium. 200 ml Meningococcal medium was seeded with 2,5 ml 
of the mixture. These 200ml were activated o/n at 37°C, after which the 
Meningococci were inactivated by incubation during half an hour at 56 C. 
Subsequently the Meningococci were pelleted by centrifuging the medium 
30 for 10 min. at lO.OOOrpm (centrifuge: centrikon T-324, rotor A6.9) . The 
supernatant was poured off and the pellet was resuspended in 10ml 0.01M 
Tris/Hcl pH 8.0. Subsequently this solution was ultrasonically vibrated 
for 15 min. (Branson Sonifier 250, position 4. 50?) whereby the solution 
was placed in an icebath. Subsequently the sonified solution was 
35 centrifuged at 10 min. at 5000 rpm (centrifuge: centrikon T-32^ . rotor 
A8.20). The supernatant was subsequently centrifuged for one hour at 
20.000 rpm. and 10°C (centrifuge: centrikon T-324 , rotor A8,20). The 
pellet thus formed was resuspended in k ml 1% sarcosyl in 0.01M Tris/HCl 
pH 8.0, after which centrifugation took place for 5 min. at 5000 rpm. The 
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supernatant was subsequently centrifuged for one hour at 20.000 rpm. and 
10°C (centrikon T-324 centrifuge, rotor A8.20). The thus formed pellet 
was resuspended in 1 ml 0.01 M Tris/HCl pH 8.0. The yield was determined 
with the Microassay Procedure (BI0RAD) . The purity of the OMP's was 
5 checked with SDS PAAGE. 

2.2.13 TRANS FORM ANT CHECK WITH THE AID OF POLYMERASE CHAIN REACTION: 



Day l: 

10 The Meningococci for undergoing PCR were seeded from a GC plate. 

enriched with isovitalex. and cultivated o/n in a damp atmosphere with 5% 
C0 2 at 37 C C. 

Dav 2: 

A cell suspension was made of each of the strains to be subjected 
15 to PCR by resuspending a small flock of bacteria in 1 ml sterile 

distilled water and subsequently warming this suspension for 10 min. at 
95 °C. The resulting solution was subsequently shortly centrifuged and 
kept on ice. The reaction mixture was composed as follows: 

10 pi buffer (500 mM KC1 , 100 mM Tris/HCl pH 8.3. 15 mM MgCl 2 . 
20 0.1% {w/vol.} gelatine) 

200 pM of each of the dNTP's 

100 mg of each of the primers 

25 yl cell suspension 

filled to 100 pi with sterile distilled water. 
25 - 100 pi mineral oil. 

The PCR conditions were as follows: see Table G 



TABLE G: PCR conditions 



Cycle 


number 


min. 95°C 


min. 55°C 


min. 72°C 




1 


5 


1 


2 


2 - 


30 incl. 


1 


1 


2 



After the 30th cycle the samples were held f or a further 8 minutes 
35 at 72°C in order to make all the DNA present in the samples double- 
stranded. 

After PCR the samples were subjected to a phenol extraction and an 
ethanol precipitation in order to obtain the produced DNA in pure form. 
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10% of the purified DNA was electrophorated on a 1.0% agarose gel 
in order to observe the result. From this it should be apparent whether 
the incorporated nucleotide was present in the DNA. 



2.2. 



2.2.1 



RESULTS: 

TRANSFORMATION OF THE RECOMBINANT PLASMIDS TO E.CQLI : 



10 



15 



The hybridised oligonucleotide was ligated in P PH204 cut with Kpnl 
after which the whole was transformed to E_mLi K12 NM 5 22. The plasmids 
were isolated from the resulting transformants. The isolated plasmids 
were cut with Kpnl and PstI and subsequently electrophorated on a 0.8;' 
agarose gel. see fig. 16. 

TABLE H: Further illustration of figure 16 



lane number 


sample description 


remark 


1,6.11,21,26 


recombinant plasmid 


uncut 




DNA 




2,11.7,9,12. 1*1. 




Kpnl site should 


17,19.22,24.27 


recombinant plasmid 


have disappeared 




DNA Kpnl digest 




3,5.8,10,13*15. 




through incorporation 


18,20,23,25.28 


recombinant plasmid 


of the oligo a second 




DNA PstI digest 


PstI site has result- 






ed, now a fragment 






is cut out of the 


16 




plasmid 




Lambda marker 


Hindlll digest 



20 



25 



30 



35 



From the formation of a fragment of approx. 600 base pairs from the 
PstI digest and the disappearance of the Kpnl site it is apparent that 
the oligo has been incorporated in pPH20^ . 

The transformants were subsequently cultivated o/n at 37 °C in 
liquid L.B . medium with 1 mM IPTG and 100 ug/ml ampicillin. The bacterial 
proteins were subsequently separated with the aid of SDS PAGE after which 
immunoblotting was used to see whether the oligo had been incorporated in 
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the correct orientation. Using the blotting the size of the class 1 
protein was observed by demonstrating the PI. 2 epitope with the 
monoclonal MN16C13F4, see fig. 18 and 19- 

The transformants in the lanes No. 1, 3» 5. 7. 9. H show a protein 
5 band which has travelled less far than those of the transformants in the 
remaining lanes. This indicates that the produced protein is 'larger than 
in transformants in the lanes No. 2, 4, 6, 8, 10. The transformants in 
the odd lanes comprise the oligonucleotide in the correct orientation and 
those of the even lanes in the incorrect orientation, thereby creating a 
10 stop codon resulting in a smaller protein. 

2.3. TRANSFORMATION TO H^/76 B": 

The plasmids of the positive transformants were subsequently 
15 transformed to H44/76 B", a capsule deficient mutant of H44/76. The 

transformants were selected by colony blotting for the PI. 2 epitope with 
the monoclonal MN16C13FA. The outer membrane proteins of the pure 
transformants were isolated. The purity was checked by means of SDS PAAGE 
and immunoblotting, see fig. 20 and 21. It was also checked whether the 
20 ratio between the class 1 protein and the other proteins had changed with 
the transformants. This appeared not to be the case (results not 
included) . 

Subsequently it was checked whether the P1.16 epitope had 
disappeared from the transformants, as a test the monoclonals against the 
25 PI. 2 and the PI. 7 epitopes were included as well as strain H4^/76 B* as 
test strain fig. 22. 

From the figure it is apparent that the monoclonal MN5C11G directed 
against the P1.16 epitope, only reacts with the parent strain. The 
monoclonal MN1^C11.6 directed against the PI. 7 epitope reacts with both 
30 the parent strain and the transformants. MN16C13F4 directed against the 
PI. 2 epitope only reacts with the transformants. 

2.k CONCLUSION: 

35 The successful introduction of a cysteine residue in the class 1 

protein of H4V76-B" is apparent from the following results: 

1) upon incorporation of the oligonucleotide the Kpnl site has 
disappeared and a new PstI site has been formed. 

2) after transformation to HW/76-B" this has changed from PI.7.I6 to 
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PI. 7, 2 which is indicative of the fact that the gene encoding class 
1 protein present in plasmid pPH204 in which gene the oligo was 
incorporated has been introduced into the Meningococcus. 
Cysteine incorporation does not appear to have an influence on the 
5 production of the class 1 protein considering the amount produced 

by the Meningococcus. The epitope expression by the bacteria also 
appears to remain normal . 
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1. An immunity providing B cell activating molecule derived from a 
meningococcal lipopolysaccharide (LPS) with at least one epitope, said 
molecule comprising at least the communal part of the oligosaccharide 
part (core region) of lipopolysaccharides specific for at least two 
meningococcal immunotypes. preferably immunotypes L2 and L3 and wherein- 
galactose is absent in the B cell activating part, as well as derivatives 
of the molecule having immune reaction inducing capacity. 

2. Molecule according to claim 1, said molecule being derived from 
the L3 core and having the following structure: 



&-D-Glcp (1-4 )-L-a-D-Hepp- ( 1-5 ) -KD0 

3 
1 

15 1 

L-a-D-Hepp3 < - PEA 
2 
T 
1 

a-D-GcNAc 



20 



3. Molecule according to claim 1, said molecule being derived from 
the L2 core and having the following structure: 

25 

&-D-Glcp ( 1-4 ) -L-o-D-Hepp- ( 1-5 ) -KDO 

3 
I 
1 

a-D-Glcp(l-3)-L-o-D-Hepp6/7 < - PEA 
30 2 

I 
1 

a-D-GcNAc 



35 

4. Method for preparing a molecule according to any of the 
preceding claims, wherein recombinant DNA techniques are used. 

5- Method for preparing a molecule according to any of the claims 
1-3. wherein the molecule is obtained from a mutagenised or selected 
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production strain producing at least LPS without galactose. 

6. Method according to claim 5, wherein a meningococcal strain that 
does not produce galactose is used as production strain. 

7. Method according to claim 5 or 6, wherein a meningococcal strain 
5 is used as production strain that does not produce (functional) galE. 

8. Method for preparing a molecule according to any of the claims 
1-3, wherein the molecule is obtained by a synthetic route. 

9. Saccharide peptide conjugate (SPC) comprising at least a 
molecule according to any of the claims 1-3 as saccharide part, said 

10 saccharide part being conjugated to a peptide part with at least one T 
helper cell activating epitope, said peptide part preferably comprising 
at least one homologous protein or a peptide fragment derived from a 
homologous protein, wherein homologous means that both B cell and T 
helper cell activating epitopes are derived from the same microorganism. 

15 io. Outer membrane vesicle comprising a molecule according to any 

of the claims 1-3 and/or a saccharide peptide conjugate according to 
claim 9. said outer membrane vesicle preferably comprising class 1 OMP or 
class I OMP fragments as T helper cell activating epitope. 

11. Outer membrane vesicle provided with a group of polypeptides 
20 having at least the immuno activity of outer membrane proteins (OMP's) 

bound to a membrane, wherein at least one polypeptide from the group is a 
membrane anchored OMP or OMP fragment having a mutation in one of the 
surface loops. 

12. Outer membrane vesicle according to claim 11, wherein at least 
25 one polypeptide from the group is OMP or an OMP fragment of membrane 

anchored class I OMP. 

13. Outer membrane vesicle according to claim 11 or 12, wherein the 
outer membrane vesicle comprises at least a molecule according to any of 
the claims 1-3 and/or a saccharide peptide conjugate according to claim 9 

30 as B cell activating part with at least one epitope. 

1*1. Outer membrane vesicle according to any of the claims 11-13. 
wherein at least one polypeptide from the group is a membrane anchored 
OMP or OMP fragment having a mutation in one of the surface loops 2. 3. 
5, 6, 7 or 8. 

35 15. Outer membrane according to any of the claims 11-1*1, 

characterized in that a polypeptide from the group is a membrane anchored 
OMP or OMP fragment having a mutation in one of the loops 6 or 7. 

16. Outer membrane vesicle according to any of the claims 11-15. 
characterized in' that the polypeptide is recombinant OMP or a fragment 
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thereof having at least the immuno activity of OMP. 

17. Outer membrane vesicle according to any of the claims 11-16. 
characterized in that the mutation comprises the presence of at least one 
amino acid with a specific reactive side chain. 
5 18. Outer membrane vesicle according to any of the claims 11-17, 

characterized in that the mutation comprises at least the presence of 
cysteine in the polypeptide. 

19- Outer membrane vesicle according to any of the claims 11-18, 
characterized in that the polypeptide is recognizable for at least two 
10 HLA pheno types. 

20. Outer membrane vesicle according to any of the claims 11-19. 
characterized in that it is provided with saccharide peptide conjugates 
comprising a polypeptide as peptide part and in which the polypeptide is 
conjugated with the saccharide part at the location of the mutation, said 
saccharide part comprising a B cell activating part with at least one 
epitope derived from a gramnegative bacteria. 

21. Outer membrane vesicle (OMV) according to any of the claims 11- 

20. characterized in that the saccharide part comprises at least a 
synthesized B cell activating part with at least one epitope. 

22. Outer membrane vesicle (OMV) according to any of the claims 11- 

21. characterized in that the saccharide part comprises at least a B cell 
activating part with at least one epitope, said B cell ■ activating part 
being derived from the oligosaccharide part (inner core) of a 
meningococcal LPS. 

25 23 • 0uter membrane vesicle (OMV) according to any of the claims 11- 

22. characterized in that the saccharide part is coupled via a spacer to 
the peptide part. 

2k. Outer membrane vesicle (OMV) according to any of the claims 11- 

23. characterized in that the saccharide part is conjugated with the 
peptide part maintaining the free amino groups in the B cell activating 
part of the phosphoethanolamine (PEA) groups present in the saccharide 
part. 

25. Outer membrane vesicle (OMV) according to any of the claims 11- 
2k, characterized in that at least one PEA group has been introduced in 

35 the saccharide part of the B cell activating part with at least one 
epitope before the conjugation. 

26. Outer membrane vesicle (OMV) according to any of the claims 11- 
25. characterized in that the saccharide part comprises a B cell 
activating part derived from 
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B-D-GlNAcp (l^J-B-D-Oalpd^J-P-D-Olcp d^) ' L-o-D-Hepp - (1-5) - KDO 

1 
1 

L-Q-D-Hepp3 < " PEA 
2 
1 

a-D-GcNAc 

27. Outer membrane vesicle (OMV) according to any of the claims 11- 
25, characterized in that the B cell activating part of the saccharide 
part is a derivative of the branched oligosaccharide 

1 
1 

a-D-Glcp(l-3)-l--°- D - He PP 6 /7 < - PEA 

1 

15 a-D-GcNAc 

28. Method for preparing an outer membrane vesicle according to any 
of the claims 11-27, characterized in that at least 

1) a nucleotide sequence encoding the polypeptide is expressed in a 

20 bacteria; 

2) the bacteria is cultivated under known circumstances per se wherein 
it produces outer membrane vesicles and the thus formed outer 
membrane vesicles thereof with polypeptide are optionally isolated. 

29. Method for preparing an outer membrane vesicle according to 
25 claim 28, characterized in that 

3) the outer membrane vesicles resulting from step 2 are provided with 
saccharide peptide conjugates by coupling the polypeptide to the 
desired saccharide part. 

30. Method according to claim 29, wherein a saccharide part 
30 obtained via recombinant DNA techniques is used. 

31. Method according to claim 30, wherein the saccharide part is 
obtained from a mutagenised or selected production strain producing at 
least the saccharide part without galactose. 

32. Method according to claim 31. wherein a meningococcal strain 
35 that does not produce galactose is used as production strain. 

33. Method according to claim 32, wherein a meningococcal strain 
that does not produce (functional) galE is used as production strain. 

34. Method according to any of the claims 28 or 29, wherein a 
saccharide part obtained via a synthetic route is used. 
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35. Method according to any of the claims 29-3*4, wherein the 
saccharide of the saccharide part is coupled to the peptide part of the 
OMV resulting from step 2) via a spacer containing NH 2 , COOH, SH and 
C0CH 2 Br as reactive groups at the termini. 
5 36. Method according to any of the claims 29*35. wherein the 

saccharide is modified with a group that is reactive with sulphydryl. 

37. Method according to claim 36. wherein the group reactive with 
sulphydryl is bromoacetyl. 

38. Method according to claim 37. wherein the bromoacetyl group is 
10 obtained with N-succinimidyl-bromoacetate. 

39. Nucleotide sequence encoding recombinant OMP or a recombinant 
OMP fragment, characterized in that the recombinant OMP or fragment is 
discerniblef rom non recombinant OMP or non recombinant OMP fragment by at 
least one mutation in one of the surface loops of the OMP. 

15 40. Nucleotide sequence according to claim 39, characterized in 

that the OMP is a class 1 OMP. 

41. Nucleotide sequence according to claim 39 or 40, characterized 
in that the recombinant OMP or fragment is discerniblef rom non 
recombinant OMP or non recombinant OMP fragment by at least a mutation in 

20 one of the surface loops 2, 3, 5. 6, 7 or 8 of the OMP. 

42. Nucleotide sequence according to one of the claims 39~4l, 
characterized in that the recombinant OMP or fragment is discerniblef rom 
non recombinant OMP or non recombinant OMP fragment by at least a 
mutation of one of the surface loops 6 or 7 of the OMP. 

25 ^3 • Nucleotide sequence according to any of the claims 39"^2, 

characterized in that the mutation results at least in a codon encoding 
an amino acid with a specific reactive side chain. 

44. Nucleotide sequence according to one of the claims 39-^3. 
characterized in that the mutation at least results in a codon encoding 

30 cysteine. 

45- Expression vector, characterized in that this comprises a 
nucleotide sequence according to any of the claims 39"^ • 

46. Microorganism, characterized in that it comprises a nucleotide 
sequence according to any of the claims 39*44 or an expression vector 

35 according to claim 45- 

47. Polypeptide obtainable from OMP or an OMP fragment and having 
at least the immuno activity of a membrane bound OMP. characterized in 
that the polypeptide comprises a mutation in one of the surface loops in 
comparison to the OMP or the OMP fragment. 
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48. Polypeptide according to claim 47. characterized in that the 
OMP is a class 1 OMP. 

49. Polypeptide according to claim 47 or 48, characterized in that 
the polypeptide comprises a mutation in one of the surface loops 2, 3. 5. 

5 6. 7 or 8 in comparison to the OMP or the OMP fragment. 

50. Polypeptide according to any of the claims 47-49. characterized 
in that the polypeptide comprises a mutation in one of the surface loops 
6 or 7 in comparison to the OMP or the OMP fragment. 

51. Polyppeptide according to any of the claims 47-50, 

10 characterized in that the mutation at least results in the presence of an 
amino acid with a specific reactive side chain in one of the surface 
loops . 

52. Polypeptide according to any of the claims 47-51 . characterized 
in that the mutation at least results in the presence of cysteine. 

15 53. Saccharide peptide conjugate comprising at least an epitope of 

an OMP, characterized in that it comprises a polypeptide according to one 
of the claims 47-52. 

54. Nucleotide sequence comprising meningococcal material encoding 
LPS said nucleotide sequence being discernible from the wildtype 

20 nucleotide sequence by at least one mutation or deletion leading to the 
expression product comprising no (functional) galE in comparison to the 
expression product of the wild type nucleotide sequence. 

55. Nucleotide sequence according to claim 54 comprising a mutation 
in the cps region. 

25 56. Nucleotide sequence according to claim 55 derived from the JsL 

meneritidis DNA containing palsmid pMF32 . 35 obtainable from the 
meningococcal strain deposited under accession no. CBS 401.93 at CBS in 
Baarn on July 29, 1993, said sequence preferably comprising a mutation in 
region D or E. 

30 57. Expression vector comprising a nucleotide sequence according to 

any of the claims 45-56. 

58. Microorganism comprising the nucleotide sequence according to 
any of the claims 54-56 and capable of expression of said nucleotide 
sequence . 

35 59. Mutated meningococcal strain that produces no LPS containing 

galactose. 

60. Mutated meningococcal strain that produces no (functional) 

galE. 

61. Vaccine, characterized in an effective amount of one or more of 
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the following components: 

a molecule according to one of the claims 13; 

a saccharide peptide conjugate according to claim 9 and/or claim 53; 
an outer membrane vesicle according to one of the claims 10-27; 
5 an outer membrane vesicle obtained through the method of one of the 
claims 28-38; 

a nucleotide sequence according to any of the claims 39-^ and/or 
according to one of the claims 5^*56; 

an expression vector according to claim ^5 and/or claim 56; 
10 a microorganism according to claim ^6 and/or any of the claims 58-6O; 
a polypeptide according to any of the claims ^7~52. 
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